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SHORT FORMULA (GYAN SUTRA) 


CHEMISTRY 


ATOMIC STRUCTURE 


4KZe? 
Estimation of closest distance of approach (derivation) of a-particle : R= m VŽ 
a "oO 
The radius of a nucleus : R = R, (A)? cm 
hc 
Planck's Quantum Theory : Energy of one photon = hv = X 
: 1 
Photoelectric Effect : hv = hv, + 2 m,v? 
Bohr's Model for Hydrogen like atoms : 
h се 
1. mvr=n 2n (Quantization of angular momentum) 
E 2? 2? - 2x? те“ 
2. E, =- 21 22= 2.178 х 10-18 2. diatom = 136 ev ;  E,2 22—71 
n n n n 
2 h? 0.529 x n? 2nze? _ 248x109 
зге 1 х сос ын d у= TZE „59% XE ns 
7 4n. е“т 7 


nh n 


De-Broglie wavelength : 


h 
= me p (for photon) 
Wavelength of emitted photon : 


я Е Р P 
т = ү= КИ |1. 

À п? n2? 

No. of photons emitted by a sample of H atom : 
Ап (Ап +1) 


2 


arian | А 
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Heisenberg’s uncertainty principle : 


h h h 
a > — oe 
Ax.Ap > 4 or m Ax.Av > 4 or Ax.Av > 4 


Quantum Numbers : 
d Principal quantum number (n) = 1, 2, 3, 4 .... їо <<. 


nh 
Orbital angular momentum of electron in any orbit = On: 


ш Azimuthal quantum number (4) = 0, 1, ..... to (n — 1). 
* Number of orbitals in a subshell = 2¢ + 1 
Maximum number of electrons in particular subshell = 2 x (2¢ + 1) 


* A h ћ = h 
Orbital angular momentum L = == | =A A oe = 


STOICHIOMETRY 


Mass of one atom of an element 
g Relative atomic mass (R.A.M) = = Total Number of nucleons 


T” mass of one carbonatom 


e Y-ma 


Я „xZ [Volume at STP 
^ 21 


L 
S 4 + Ne 
x 4 20 k 


Density : 
Y . density of the substance 
Specific gravity = density of water at 4°C 
For gases : 
Molar mass of the gas PM 
Absolute density (mass/volume) = = pcm 


Molar volume ofthe gas RT 


. dyas PMgas/RT Мав М 
Vapour density V.D.= du Phir Mg 2 


M, = 2V.D. 
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Mole-mole analysis : 


+ At. wt. / Mol. Wt. Mole-mole 
тетя | Mele | —> | relationship — 2 [ Mole | 
of equation ak 
E 


ai 


x 224 It 


©, 
Му» 


Concentration terms : 
Molarity (M) : 
| w х1000 
Molarity (М) = (Mol. wt of solute) x Vin 


Molality (m) : 


: number of moles of solute 1900 
Molality = "ass of solvent in gram = 1000 w, / Mw, 


Mole fraction (x) : 


N 
Mole fraction of solvent (x,) = —— 
(x,) n+N 


Mole fraction of solution (x,) = 
(х) n+N 


% Calculation: 


mass of solute in gm 100 
= О, = 
(i % ММ = mass of solution ingm 


н mass of solute in gm 
(ii) 96 wiv = cee 00 
mass of solution in ml 


М E. Volume of solution in ml 00 
Ш ОМУ Volume of solution 


Derive the following conversion : 
| ; | f х,рх1000 
1. Mole fraction of solute into molarity of solution М = XM, + Мәх» +М»х» 


MM, x1000 
2. Molarity into mole fraction x, = px1000 MM, 
= 2 


х, x 1000 
3. Mole fraction into molality т = ^ „т 
XM, 


mM, 
4. Molality into mole fraction X; = 1559 | mM. 
1 


mp x1000 
5. Molality into molarity М = 4999, mM 
2 


ттт Я 
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Mx1000 
6. Molarity into Molality m = 1000p- MM; 
25 2 


М, and М, are molar masses of solvent and solute. р is density of solution (gm/mL) 
M = Molarity (mole/lit.), m = Molality (mole/kg), x, = Mole fraction of solvent, x, = Mole fraction of solute 
Average/Mean atomic mass : 


84X4 +а5Х5 +....+а„х„ 
100 
Mean molar mass or molecular mass : 


A = 


avg. D4 0 n5 +...N, avg. j-n 


Calculation of individual oxidation number : 
Formula : Oxidation Number = number of electrons in the valence shell - number of electrons left after bonding 


Concept of Equivalent weight/Mass : 


Atomic weight 


For elements, equivalent weight (E) = Valency -factor 


M 


BEIl—————— Where M = Molar mass 
Basicity / Acidity 


For acid/base, 


M 
no. of moles of e^ gained/lost 


For O.A/R.A, E 


Atomic or moleculear weight 
v.f. 


Equivalent weight (E) = (v.f. = valency factor) 


Concept of number of equivalents : 


Wt W W 
No. of equivalents of solute = Eq. wt. E Min 


No. of equivalents of solute 2 No. of moles of solute x v.f. 


Normality (М): 


Number of equivalents of solute 
Volume of solution (in litres) 


Normality (N) = 
Normality = Molarity х v.f. 


Calculation of valency Factor: 
n-factor of acid = basicity = no. of H* ion(s) furnished per molecule of the acid. 
n-factor of base = acidity = no. of OH- ion(s) furnised by the base per molecule. 
At equivalence point : 

ММ = №, 

п,М\/, =n,M.V, 


тт А 
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Volume strength of H,O,: 
20V H,O, means one litre of this sample of H,O, on decomposition gives 20 It. of O, gas at S.T.P. 


Уаіите, strength of HO, 
5.6 


Normality of H,O, (N) = 


Volume strength of H20, 
11.2 


Molarity of H,O, (M) = 


Measurement of Hardness : 


mass of CaCO, 


Hardness in ppm = Total mass of water 


Calculation of available chlorine from a sample of bleaching powder : 


3.55x xx V (mL) 
% of CI, = ^ — W9 where x = molarity of hypo solution and v = mL. of hypo solution used in titration. 


Temperature Scale : 


C-O  K-273  F-32 |  R-R(O) 


100-0 373-273 212-32 ^ R(100)-R(O) 


where R = Temp. on unknown scale. 


Boyle's law and measurement of pressure : 
1 


At constant temperature, Va P 
PV, = Р,М, 
Charles law : 
Vi _ Vo 
At constant pressure, VaT ог т, = T 
1 2 


Gay-lussac's law : 


At constant volume, PaT 


P _ P 
T T tempon absolute scale 
1 2 


Ideal gas Equation : 
PV =nRT 


d 
рү=  RTorP=— RT orPm=dRT 
m m 


Daltons law of partial pressure : 


n4 RT RT пз RT 
pc. pon Pa = 2 — and so on. 


Total pressure = P, + Р, + Р, + ........... 


mod 
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Partial pressure = mole fraction X Total pressure. 


Amagat's law of partial volume : 


Average molecular mass of gaseous mixture : 


Total mass of mixture n4 M, + n5 M; + n3 M3 
M, = Total no. of moles in mixture ^ ny +15 +3 
Graham's Law : 
"s 518 \ 
Rate of diffusion г œ Ja? d = density of gas 
Г) М. D, 


Kinetic Theory of Gases : 


1 — 
РУ = mN U? Kinetic equation of gases 


3 
1 U? 3 3 
Average K.E. for one mole = N, 5" = 5 KN, T = 2 RT 
Root mean suqare speed 
3RT 

U ms 7 i molar mass must be in kg/mole. 
Average speed 

пш tU, *U, t suu. U. 

8RT 8KT . 

О. Sal Fa K is Boltzmman constant 
avg. nM nm 
Most probable speed 
_ f2RT j2KT 
PS M id m 
Vander wall's equation : 
an? 
zl (v - nb) = nRT 
Critical constants : 
a 8a 
V, = 3b, Pic 272 ' T= 27Rb 


uc ‚ 
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Vander wall equation in virial form : 


Reduced Equation of state : 


— 
(күт | @М,-1)=8Т, 


Thermodynamic processes : 


1. Isothermal process: Т = constant 
dT=0 
AT=0 

2. Isochoric process : V = constant 
dV=0 
AV = 0 

3. Isobaric process : P = constant 
dP=0 
AP =0 

4. Adiabatic process: q-0 


or heat exchange with the surrounding = O(zero) 
IUPAC Sign convention about Heat and Work : 


Work done on the system = Positive 
Work done by the system = Negative 
1* Law of Thermodynamics 


AU = (U,-U)=q+w 


Law of equipartion of energy : 


f 
U= 2 nRT (only for ideal gas) 


f 
AE = 5 ПА (АТ) 


where f = degrees of freedom for that gas. (Translational + Rotational) 
#= З  formonoatomic 
=5  fordiatomic or linear polyatmic 
-6  fornon-linear polyatmic 


Calculation of heat (q) : 
Total heat capacity : 
Aq dq 


= — = — = J/e 
SUE MP атте 


MEME А 
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Molar heat capacity : 


_ Ag _ аа Е ey 

ОПАТ пате 

_ IR mM S 
С. = y—1 С, = y-1 


Specific heat capacity (5): 


Aq | dq — SUE 
= mAT тат 29007 K 


WORK DONE (w): 
Isothermal Reversible expansion/compression of an ideal gas : 
W=-nRT In (V/V) 


Reversible and irreversible isochoric processes. 
Since dV=0 
So dW=-P,,.dV=0. 


Reversible isobaric process : 


W = Р (V,- V) 
Adiabatic reversible expansion : 


=> TV, = т" 


Reversible Work : 


y-1 yY—1 
Irreversible Work : 


Р,№, -P V; nR (T; – Tj) 


PV -RV  nR(T;-T PV _ Po. 
Wstore а DG Ch TSS. eV) авав тт, 
Free expansion — Always going to be irrerversible and since P „= 0 
SO dW--P,.dV-0 
If no. heat is supplied q = 0 
then AE = 0 SO AT = 0. 
Application of Ist ам : 
AU = AQ + AW > AW = —P AV 
AU = AQ -PAV 


Constant volume process 


Heat given at constant volume = change in internal energy 
z. du = (dq), 
du - nC. dT 


ee А 
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Constant pressure process : 
H = Enthalpy (state function and extensive property) 
H=U+PV 


=> C, - C, - R (only for ideal gas) 


Second Law Of Thermodynamics : 


AS = AS + AS > 0 foraspontaneous process. 


universe system surrounding 
Entropy (S): 


B 
dq rev 


AS stom E | T 
A 


Entropy calculation for an ideal qas undergoin a process : 


StateA тара State В 
Р, Vis T Р,, М Т, 
I»: Мә | 
AS ел = NG, In T, * nR In V, (only for an ideal gas) 


Third Law Of Thermodynamics : 
The entropy of perfect crystals of all pure elements & compounds is zero at the absolute zero of temperature. 


Gibb's free energy (G): (State function and an extensive property) 
G =H TS 


system X system = system 


Criteria of spontaneity : 

(i) If AG eae is (ме) < 0 > process is spontaneous 

(ii) If AG... S> 0 > process is non spontaneous 
(iii) If AG =0 > system is at equilibrium. 


system 


Physical interpretation of AG : 
— The maximum amount of non-expansional (compression) work which can be performed. 
AG = dw - dH - TdS. 


non-exp 
Standard Free Energy Change (AG?) : 
1. AG? = 22.303 RT log,, K 


2. At equilibrium AG = 0. 
3. The decrease in free energy (-AG) is given as : 


V2 
AGS W s = 2.303 nRT log, Vy 


4. AG; for elemental state = 0 


о 0 о 
5. AG; С products — Greactants 


Бот : 
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Thermochemistry : 
Change in standard enthalpy АЕ? = H? > - HÀ 4 


= heat added at constant pressure. = САТ. 


f Н байа > Ei escas 
> Reaction should be endothermic as we have to give extra heat to reactants to get these converted into 
products 


andif H <H 


products reactants 


> Reaction will be exothermic as extra heat content of reactants will be released during the reaction. 
Enthalpy change of a reaction : AT а Pl eis Thus 
AH reactions = H RU reactants 
- positive - endothermic 
= negative - exothermic 


Temperature Dependence Of AH: (Kirchoff's equation) : 
For a constant volume reaction 

AH,” = AH,° + AC, (T, - T)) 

where AC, = C, (products) – C, (reactants). 

For a constant volume reaction 


AES = AE? + [асу ат 


Enthalpy of Reaction from Enthalpies of Formation : 


The enthalpy of reaction can be calculated by 
АН? = > v, AH, —Xw,AH/ vg is the stoichiometric coefficient. 


f "products f ‘reactants 


Estimation of Enthalpy of a reaction from bond Enthalpies : 
Enthalpy required to Enthalpy released to 


н = break reactants into |- | form products from the 
gasesous atoms gasesous atoms 


Resonance Energy : 


АН? esonance = АН?, experimental = AH", calclulated 
z АН? calclulated ^ - АН? experimental 
CHEMICAL EQUILIBRIUM 
At equilibrium : 


(i) Rate of forward reaction = rate of backward reaction 
(ii) Concentration (mole/litre) of reactant and product becomes constant. 


(iii) AG = 0. 
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(iv) Q= Ka. 
Equilibrium constant (K) : 
rate constant of forward reaction Ky 
7 rate constant of backward reaction ~ КЬ 


Equilibrium constant in terrms of concentration (К): 


K _ [CI [D" 

K “Ке © [дүвү 

Equilibrium constant in terms of partial pressure (K, ) : 
[Рс]° [P5 T" 

"^ (Pal? Pal? 

Equilibrium constant іп terms of mole fraction (К): 


хор 


K= A 

Relation between K, & K, : 
K, = К,.(КТ)^". 

Relation between К, & K, : 


K, = K, (P^ 
" К; _ AH Me o а^ | 
log Ki © 2.303R |Т, T, ; AH = Enthalpy of reaction 


Relation between equilibrium constant & standard free energy change : 


AG? = — 2.303 RT log K 
Reaction Quotient (Q) : 


[С]° ID 


The values of expression О = 
Р [AI [В]? 


Degree of Dissociation (о): 

a = no. of moles dissociated / initial no. of moles taken 
= fraction of moles dissociated out of 1 mole. 

Note: % dissociation = a x 100 


Observed molecular weight and Observed Vapour Density of the mixture : 


molecular weight of equilibriummixture 
totalno.of moles 


Observed molecular weight of А (д) = 


р-а  M,-M, 
a= = 
(n-0)xd (п 7)М, 


12 | 
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External factor affecting equilibrium : 


Le Chatelier's Principle: 
If a system at equilibrium is subjected to a disturbance or stress that changes any of the factors that determine 
the state of equilibrium, the system will react in such a way as to minimize the effect of the disturbance. 


Effect of concentration : 


If the concentration of reactant is increased at equilibrium then reaction shift in the forward direction . 
If the concentration of product is increased then equilibrium shifts in the backward direction 


Effect of volume : 


If volume is increased pressure decreases hence reaction will shift in the direction in which pressure 
increases that is in the direction in which number of moles of gases increases and vice versa. 
If volume is increased then, for 
An > 0 reaction will shift in the forward direction 
An < 0 reaction will shift in the backward direction 
An = 0 reaction will not shift. 


Effect of pressure : 
Ы If pressure is increased at equilibrium then reaction will try to decrease the pressure, hence it will 
shift in the direction in which less no. of moles of gases are formed. 


Effect of inert gas addition: 
(i) Constant pressure : 
If inert gas is added then to maintain the pressure constant, volume is increased. Hence equilibrium 
will shift in the direction in which larger no. of moles of gas is formed 
An > 0 reaction will shift in the forward direction 
An < 0 reaction will shift in the backward direction 
An = 0 reaction will not shift. 


(ii) Constant volume : 
Inert gas addition has no effect at constant volume. 


Effect of Temperature : 


Equilibrium constant is only dependent upon the temperature. 


If plot of ¿nk vs - is plotted then it is a straight line with slope = — E and intercept = R 

E For endothermic (AH > 0) reaction value of the equilibrium constant increases with the rise in 
temperature 

2 For exothermic (AH < 0) reaction, value of the equilibrium constant decreases with increase in 
temperature 

= For AH > 0, reaction shiffts in the forward direction with increase in temperatutre 

Ы For AH < 0, reaction shifts іп the backward direction with increases іп temperature. 

$ If the concentration of reactant is increased at equilibrium then reaction shift in the forward direction . 

* If the concentration of product is increased then equilibrium shifts in the backward direction 


Vapour Pressure of Liquid : 


Partialpressure of HO vapours 


Relative Humidity = 
Vapour pressure of H,Oat that temp. 
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Thermodynamics of Equilibrium : 
AG = AG? + 2.303 RT log,,Q 


К; АН? 1 1 
Vant Hoff equation- log K. |= 23038 т T 
2 : 2 1 


IONIC EQUILIBRIUM 
OSTWALD DILUTION LAW : 


 [H'J]^' ] [CoCa] | Ca? 
a [HA] C(1- о) 1-0 


Dissociation constant of weak acid (K) . K 


K 
Ifa<<1,then1-a= 1огК, = со2 ого = Ye = КахУ 


Kp 
Similarly for a weak base , *7 -c .Higherthe value of K,/K, , strong is the acid / base. 


Acidity and pH scale : 


pH =—log 8, (where 8,,. is the activity of H* ions = molar concentration for dilute solution). 


[Note : pH can also be negative or > 14] 


pH = — log [Н+]; [Н+] = 107?" 
рОН = – log [OH] ; [OH = 10779" 
pKa = -log Ka ; Ка = 10% 
pKb = — log Kb ; Kb = 10-PKe 


PROPERTIES OF WATER : 


1. 
2. 
3. 


In pure water [H'] = [OH] so it is Neutral. 
Moler concentration / Molarity of water = 55.56 M. 


lonic product of water (К): 
K, = [H'][OH] = 10" at 25° (experimentally) 


pH = 7 = рон > neutral 
pH <7 or pOH >7 > acidic 
pH > 7 or pOH<7 > Basic 


Degree of dissociation of water : 


aS no. of moles dissociated 10-7 49 ES 
Total No.of molesinitiallytaken ~ 55.55 О ON eae 


Absolute dissociation constant of water : 


[H']OH ] | 107x107 i 
= = —— = — = 1.8x10 
к. = к, [H,O] 55.55 


ны , 
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pK, = pK, = — log (1.8 x 10") = 16 — log 1.8 = 15.74 
K,x K, = [H] [OH] =K, 


> Note: for a conjugate acid- base pairs 
pK, + pK, = pK, = 14 at 25°C. 


pK, of H.O' ions = -1.74 
pK, of OH ions 2 —1.74. 


pH Calculations of Different Types of Solutions : 


(a) Strong acid solution : 


(i) If concentration is greater than 10 M 
In this case H* ions coming from water can be neglected, 
(ii) If concentration is less than 10-5 M 


In this case H* ions coming from water cannot be neglected 


(b) Strong base solution : 
Using similar method as in part (a) calculate first [OH'] and then use [НУ x [OH] = 10-74 


(c) pH of mixture of two strong acids : 
Number of H* ions from I-solution = N,V, 
Number of H* ions from II-solution = N,V, 


№№; + №№ 
Н]= №605 
H1 V+ Vo 
(d) pH of mixture of two strong bases : 
N,V, + №№ 
ОН] = М= 0 0 
а UE 
(e) pH of mixture of a strong acid and a strong base : 
: е uL us N4V4 — N; V5 
If N,V, > N,V, then solution will be acidic in nature апа [H+] = N= V, V 
№№ -ММ, 
If N. V, > N,V,, then solution will be basic in nature and [OH] = N oes, 
(f) рН of a weak acid(monoprotic) solution : 
K = [H][oH] cc 
a [HA 1-а 
: ИТЕ 
ifa<<1 (1-0) =1 => K = Со => a= œ (İs valid if o < 0.1 or 10%) 
On increasing the dilution > Cl 2af and [Н] — pH? 
(9) pH of a solution of a polyprotic weak acid : 


1 
pH =5(PKa, -ogc . 
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RELATIVE STRENGTH OF TWO ACIDS : 


[H*] furnished by I acid _ cya, _ | Ка, С 
[H*] furnished by П acid со \k, с, 


(h) PH of a mixture of two weak acid(both monoprotic) solutions : 
<< 1) and (о. << 1 ato 
(о, ) and (о, ) = Keo Op 


[H*] = Со, * Ca, = УСК + СК. 


** If water is again considered third weak acid іп solution of two weak acid then 


[H] = JKC, - K4,C; +K,, 
C K,, = 10-4 = К, 


[H*] = JC,K, + СК, +10714 


(1) pH of a mixture of weak acid(monoprotic) and a strong acid solution : 
Ё [SA] = С, and [WA] =C,, then [H*] from SA = С, апа [H*] from WA = C, 
Let HA is a weak acid. 


9] = C4 4/0? 44K, C5 
2 


** If a strong acid of low conc is added in water then [H'] of solution сап be calculated as 


н] = С + C7 +4K,, | 


2 


Q SALT HYDROLYSIS : 
Salt of Type of 
hydrolysis k, h pH 

ar kw kw 1 1 

(a) weak acid & strong base anionic тч. 7+ pk, + loge 
ka Кас 2 2 
(b) strong acid & weak base cationic Kw Kw 7- l k, - = loge 
К kp къс КО 

s kw kw 1 1 
(c) weak acid & weak base both kak, ka kp 7+ 2 pk, - 2 pk, 
(d) Strong acid & strong base  . -------- do not hydrolysed------- pH=7 
Hydrolysis of ployvalent anions or cations 


For [Ма„РО,] = C. 
Ka aj Ks = K, 
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Ka * К,, = K, 
Ks x Ka - K, 


Generally pH is calculated only using the first step Hydrolysis 


2 
к= €. „с 
1-h 
Кы Е Kw xKag 
п= berets 5 [OH]=ch= /Kuxc = [НУ] = сы 


1 
So pH = z [PKw +PKas +109С] 
Hydrolysis of Amphiprotic Anion. (Cation is not Hydrolysed e.g. NaHCO,, NaHS, etc.) 


pH (Hcos) = [a 


(b) Similarly for HPO, and HPO,” amphiprotic anions. 


рКа; +рКа, рКа, +ркКаз 
H 2. H па ee 1.589. 
PI(HPO4) | 2 and Р нро?) 2 

е; H,PO, —* , H,PO, —*e , НРО, 2- _ Кез , PO, ionisation. 

< K < < 
Ка Kan Kc 
1 
The pH of H,PO, = 5 (рК, – log C) s- Ka >> Ko >> Ko 


1 
pH of NaH PO, = 2 (рК + pK ) 
1 
pH of Na,HPO, = 2 (pK, + pK) 
1 
pH of Na,PO, = 2 (pKw + pKa, + log С) ~. Sec hydrolysis can neglect. 


BUFFER SOLUTION : 
(a) Acidic Buffer : e.g. CH, COOH and CH,COONa. (weak acid and salt of its conjugate base). 


[Salt] 
[Acid] 
(b) Basic Buffer: e.g. NH,OH + NH,CI. (weak base and salt of its conjugate acid). 


[Salt] 
[Base] 


pH= pK, + log [Henderson's equation] 


pOH = pK, + log 


Buffer capacity (index) : 


Total no. of molesof acid /alkali added per litre 
Change in pH 


Buffer capacity = 


= 2303 (a+x)(b-x) 


x 
Buffer capacity = dApH =2. PIT 
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INDICATOR : 
. 


HIn == Н" In 


[Hin] 
or [H] = К, x [In] 

[In ] _[lonised form] _ 
PH = pK, + 109 THin] > pH-PK,*109 Unionised form] 


SIGNIFICANCE OF INDICATORS : 


d Extent of reaction of different bases with acid (НСІ) using two indicators : 
Phenolphthalein Methyl Orange 
NaOH 100% reaction is indicated 100% reaction is indicated 
NaOH + HCI — NaCl + H,O NaOH + HCI — NaCl + H,O 
Na,Co, 50% reaction upto NaHCO, 100% reaction is indicated 
stage is indicated 
Na,CO, + НСІ — NaHCO, + NaCl Na,CO, + 2HCI — 2NaCl + H,O + CO, 
NaHCo, No reaction is indicated 100% reaction is indicated 


NaHCO, + НСІ — NaCl + HO + СО, 


Q ISOELECTRIC POINT: 
[H] = Kar Kap 


= pKa + PK a2 


H 
р 2 


SOLUBILITY PRODUCT : 


К. = (xs) (ys) = x*.y*.(s)"** 


CONDITION FOR PRECIPITATION : 
If ionic product K; p > Ks, precipitation occurs, 
if Kip = Ksp saturated solution (precipitation just begins or is just prevented). 


ELECTRODE POTENTIAL 


For any electrode — oxidiation potential = — Reduction potential 
Е = R.P of cathode — R.P of anode 


cell 


E = R.P. of cathode + O.P of anode 


cell 


E ,, is always a +ve quantity & Anode will be electrode of low R.P 
Е° = SRP of cathode — SRP of anode. 


o 
Cell 


Q Greater the SRP value greater will be oxidising power. 


Un | 
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GIBBS FREE ENERGY CHANGE : 
AG = – ПРЕ, 
AG? = – nFE? 


cell 


NERNST EQUATION : (Effect of concentration and temp of an emf of cell) 


> AG = AG? + RT ‘по (where Q is raection quotient) 
AG? = - RT In Keq 


5 РТ 
Еа = Е cell — nF £n Q 
se 2.303 RT, Q 
Eel =E cell — nF og 
0.0591 
Е = Е = Б log Q [At 298 K] 
At chemical equilibrium 
AG=0 : ЕЁ еп = 0. 
nE?2 
O log K,, = ——-—. 
99 Sea = 0.0591 
_ 0.0591 
cell n log Ka 
For an electrode M(s)/M™ . 
2.303RT 1 
Ем м = E? 


мМ" /М nF og [M"*] . 


CONCENTRATION CELL : Acell in which both the electrods are made up of same material. 


For all concentration cell E^, = 0. 
(a) Electrolyte Concentration Cell : 
0.0591 C? 
eg. Zn(s) / Zn* (с,) || Zn**(c,) / Zn(s) E= 2 log C. 
(b) Electrode Concentration Cell : 
0.0591 P, 
eg. Pt, H,(P, atm) / H+ (1M) / H, (P, atm) / Pt E= log | 5 
2 2 
DIFFERENT TYPES OF ELECTRODES : 
| 0.0591 
1. Metal-Metal ion Electrode М(5)/М"*. М" + ne ——> M(s) E=E°+ = log[M"*] 


2. Gas-ion Electrode Pt/H,(Patm) /H* (XM) 


+ 


1 
as areduction electrode H*(aq) + e — 2 H, (Patm) E-E?- 0.0591 log IH 
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3. Oxidation-reduction Electrode — Pt/ Fe**, Fe* 
e?* 
as a reduction electrode Fe** + e ——> Fe? E = E? — 0.0591 log [Fe*1 
4. Metal-Metal insoluble salt Electrode eg. Ag/AgCl, Cl- 


as a reduction electrode AgCl(s) + e —— Ag(s) + СГ 


0 
Q E cr /Agcl/ Ag = E Sr /agcl/ Ag — 0.0591 log [CI ]. 


CALCULATION OF DIFFERENT THERMODYNAMICS FUNCTION OF CELL REACTION 


Q AG--nFE 


dG 
Q S=- E (At costant pressure). 
р 
ад) | d 
О А = | = nF | a Ecen) 
dT |p dt b 
дЕ 
Q әт |. = Temperature cofficient of e.m.f of the cell. 
р 


Е=а+ bT + СТ + ............... 


дЕ 
ЕЕ T EE 
о н-т m] | 


Q ACp of cell reaction 
cp- H 
P= ат 


d 
ACp= -y (AH) 


d^E 
AC, =n FT — 9l 
P dT 


Q ELECTROLYSIS : 
(a) К+, Са?, Nat, Mg”, AI, Zn?, Fe?, H+, Cu?, Ag+, Au”. 
< 
Increasing order of deposition. 


(b) Similarly the anion which is strogner reducing agent(low value of SRP) is liberated first at the anode. 


$03", NO3, OH", СГ, Br, 1- 


Increasingorder of diposition 
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FARADAY'S LAW OF ELECTROLYSIS : 
First Law : 


w = 74 w= Zit Z = Electrochemical equivalent of substance 


Second Law : 


WoE = constant E, = E m 


E 


W  ixtxcurrent efficiency factor 
E 96500 ` 


actual mass deposited/produced 
Theoritical mass deposited/produced 


Q CONDITION FOR SIMULTANEOUS DEPOSITION OF Cu & Fe AT CATHODE 


CURRENT EFFICIENCY = 


0.0591 1 0.0591 1 
"eu ieu — 2—— log = E? 


i 2 Cur T кее” р 109 gun 


Condition for the simultaneous deposition of Cu & Fe on cathode. 


CONDUCTANCE : 
n Conductance = 5——.——— 
Resistance 
e Specific conductance or conductivity : 
modos 1 = 
(Reciprocal of specific resistance) K= p K = specific conductance 
== Equivalent conductance : 
_ Kx1000 RET 

E Normality unit : -ohm~ cm? eq 

= Molar conductance : 
Kx1000 
т = Molarity unit : -ohmr'! cm? mole" 


E £ 
specific conductance = conductance x Е 


KOHLRAUSCH'S LAW : 
Variation of A,, / 4, of a solution with concentration : 


(1) Strong electrolyte 
y z Ам -b Jc 
(ii) Weak electrolytes: à =n А+ п А where A is the molar conductivity 


n, = No of cations obtained after dissociation per formula unit 
п = No of anions obtained after dissociation per formula unit 


Resonance 
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APPLICATION OF KOHLRAUSCH LAW : 
1. Calculation of А „ of weak electrolytes : 
Mma (CH3COOHI) B А cH coona) ы A macy A ng 
2. To calculate degree of diossociation of a week electrolyte 
Am ca? 
ae ‚Ке 
3. Solubility (S) of sparingly soluble salt & their Ko 
1000 
и A TAR solubility 
К = $2. 
sp 
Q IONIC MOBILITY : It is the distance travelled by the ion per second under the potential gradient of 1 volts per 
cm. It’s unit is cm?s^! v. 
Absolute ionic mobility : 
Moe H, ; AL M 
А0 = Fp? ib spe. 


у — speed 
(V/ £)—— o potentialgradient 


"E | TIE | 
eT |ue +Ha |’ a T |ua tHe |’ 


Where t, = Transport Number of cation & t, = Transport Number of anion 


lonic Mobility u = 


Transport Number : 


SOLUTION & COLLIGATIVE PROPERTIES 


1.. OSMOTIC PRESSURE : 
(i) m= pgh 
Where, р = density of soln., h = equilibrium height. 
(ii) Vont — Hoff Formula (For calculation of О.Р.) 
m= CST 


n 
п = СВТ = ү RT (just like ideal gas equation) 


<. € = total conc. of all types of particles. 


=C,+C, + QC, tuus 
_ (nuno ena +... ) 
= V 
Note: If V, mL of C, conc. + V, mL of C, conc. are mixed. 
CV, - CV; T4V4 + TV3 
a не S) 


Type of solutions : 
(a) Isotonic solution — Two solutions having same O.P. 
74 = х, (at same temp.) 
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(b) Hyper tonic- If z, > л. = 18 solution is hypertonic solution w.r.t. 2" solution. 
(c) Hypotonic — 11" solution is hypotonic w.r.t. ISt solution. 
Abnormal Colligative Properties : (In case of association or dissociation) 
VANT HOFF CORRECTION FACTOR (i): 


i- exp/observed/actual/abnormal value of colligative property 
Theoritical value of colligative property 


exp./observed no. of particles / conc. observed molality 


Theoritical no. of particles 7  Theoritical molality 


theoretical molar mass (formula mass) 
7 experimental /observed molar mass (apparent molar mass) 


Q i>1 > dissociation. 
i<1 > association. 
Texp. 
Q =a 
Ttheor 
SESICRT 


n= (4C, + iC, + Су...) RT 


Relation between i & о (degree of dissociation) : 


i=1+(n-1)a Where, n=xty. 


Relation b/w degree of association p & i. 


і= 1 + a. 


2. RELATIVE LOWERING OF VAPOUR PRESSURE (RLVP) : 


Vapour pressure : Pegi iP 


Lowering in VP = P-P, =AP 


AP 
Relative lowering in vapour pressure RLVP = P 


Raoult's law : – (For non — volatile solutes) 
Experimentally relative lowering in V.P = mole fraction of the non volatile solute in solutions. 
Р-Р, n 


RLVP = Р = X Solute = n+N 


= ( molality ) x (M = molar mass of solvent) 


TA 
1000 


MN Р 
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If solute gets associated or dissociated 


Р-Р, Е in 
Ps ^N 
P- | f M 
pom i x (molality) x 1000 
Q According to Raoult’s law 
(i) p, = p? X.. where X, is the mole fraction of the solvent (liquid). 
z p? —Py 
(ii) An alternate form > p? = X. 
1 


AP AP 
O  Ostwald-Walker Method : Experimental or lab determination of PR 


P-P, 1055 іп wt.of solvent 
P, ^ loss in wt.of solution 


P-P, _ loss in wt.of solvent 
Р gainin wt.of dehydrating agent 
3. ELEVATION IN BOILING POINT: 
AT, =i x Km 


RT,” RT, M 
К, = 1000xL or = т000хАН,, 


мар 


_ AHyap 
Lao Е M 


4. DEPRESSION IN FREEZING POINT: 
Аа АТ, = іх K,- m. 


R | _ RË атм 
K, = molal depression constant = 1000 хрр ^ 1000x Aqu," 


RAOULT'S LAW FOR BINARY (IDEAL) MIXTURE OF VOLATILE LIQUIDS : 


P, =X,P,° ES Р. = Х.Р, 

if P> Xg t Ais more volatile than B 
B.P. ofA < B.P. of B 
According to Dalton's law 
P. Е P, T P, T XP, T Х.Р, 


x, = mole fraction of Ain vapour about the liquid / solution. 
x, = mole fraction of B 


A А А ACT 

- ' - ['] 

P, T Ав P. ~ Х.Р, 
1 ХА! Хв 
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Graphical Representation : 


A more volatile than B (P,° > Р,°) 


X1 
X,= 0 


Ideal solutions ( mixtures ) : Mixtures which follow Raoul'ts law at all temperature. 


AH =0 : AM =0 ; AS „= + Ve as for process to proceed 


eg. (1 ) Benzene + Toluene. 
(2) Hexane + heptane. 
(3) C,H,Br + C HI. 


Non - Ideal solutions : Which do not obey Raoult's law. 


(a) Positive deviation : – 
(i) Ре 7 (X,P*,* XP) 
a А————А 
(ii) B-B >A---- B 
Y 
Weaker force of attraction 
(iii) AH, —-*ve energy absorbed 
(iv) АМ 7 *ve (1L * 1L» 2L) 
(v) AS, = * Ve 
(vi) АС 7 —ve 
eg. Н,О + CH,OH. 
H,O + C,H,OH 
C,H,OH + hexane 
C,H,OH + cyclohexane. 
CHCI, + ССІ, — dipole dipole interaction becomes weak. 


РА > РОВ 


A 
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(b) Negative deviation 

(i) P. exp < х,р° + XP’, 

0 вв 


strong force of altraction. 
(iii) AH,, 7 -ve 


() АМ --ve —(1L* 1L «2L) 
V AS„„=+ve 


(vi) AG =-ve 
eg. H,O + HCOOH 


H,O + CH,COOH 
H,O + HNO, 
CH, ed 
CHCI, + CH,OCH, = о-о = н с Сі 
CH, ‘Cl 


P°A > P°B 
xB = 1 XA-1 
ХА= 0 XB=0 
Immiscible Liquids : 
(i) Вз x Р, + Ps 
(i) P," P,^X, =P}?  [Since, X, = 1]. 
(iii) P, = P,^X, 2 P,^  [Since, X, = 1]. 
е På Ma І Pa _ Wa Мв 
(iv) P, = Pa’ + P () Р? g ng (vi) P? E MA VW 
_ ПАКТ, _ngRT 
Pe = or ; po EUM 


Ta T, 


B.P. of solution is less than the individual B.P.'s of both the liquids. 
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Henry Law : 
This law deals with dissolution of gas in liquid i.e. mass of any gas dissolved in any solvent per unit volume is 
proportional to pressure of gas in equilibrium with liquid. 
map 
m= kp 


weight of gas 
M> Volume of liquid 


SOLID STATE 


Q Classification of Crystal into Seven System 


Crystal System Unit Cell Dimensions Bravais Example 
and Angles Lattices 

Cubic a=b=c;a=B=y= 90° SC, BCC, FCC NaCl 
Orthorhombic azbzc;a-pz-2y-290* SC, BCC, end 

centred & FCC S 
Tetragonal а= рс; а= В = у= 90° 5С, ВСС Sn,Zno, 
Monoclinic azbz#c;a=y=90° = В SC, end centred Su 
Rhombohedral a=b=c;a=B=y7#90° 5С Quartz 
Triclinic azbzc;oazpzyz90? SC H,BO, 
Hexagonal а= ђ+с; а = В = 90°;у = 120° 5С Graphite 


Q ANALYSIS OF CUBICAL SYSTEM 


Property 5С BCC FCC 
г А ; a [за >. 

atomic radius (г = a = edge length 
() ic radius (г) 5 | 22 ge leng 
(ii) No. of atoms per 

unit cell (2) 1 2 4 
(iii) C.No. 6 8 12 
(iv) Packing efficiency 5296 6896 7496 
(v) No. voids 

(a) octahedral (2) КЕ Дыр 4 

(b) Tetrahderal (22) == л 8 


Q NEIGHBOUR HOOD OF A PARTICLE : 
(1) Simple Cubic (SC) Structure : 


Type of neighbour Distance no.of neighbours 
nearest a 6 (shared by 4 cubes) 
(next)! а/2 12 (shared by 2 cubes) 


(next)? ауз 8 (unshared) 
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(II) Body Centered Cubic (BCC) Structure : 
Type of neighbour Distance no.of neighbours 
nearest 2г= а = 8 
(next)! =a 6 
(next)? = 3/2 12 
11 
(next)? - awit 24 
(next) = a/3 8 


(Ш) Face Centered Cubic (FCC) Structure : 


Type of neighbour Distance no. of neighbours 
a 3x8 
nearest V2 12= > 
3x8 

(next)! a 6- 4 

3 
(next)? al> 24 

2 
(next)? а\/2 12 

5 
(next)* a 2 24 


2 M 
O DENSITY OF LATTICE MATTER (d) = Na E 


where N, = Avogadro's No. М = atomic mass or molecular mass. 


O IONIC CRYSTALS 


r 
C.No. Limiting radius ratio a 
3 0.155 — 0.225 (Triangular) 
4 0.225 — 0.414 (Tetrahedral) 
6 0.414 — 0.732 (Octahedral) 
8 0.732 — 0.999 (Cubic). 


О EXAMPLES OF AIONIC CRYSTAL 


(а) Rock Salt (NaCI) Coordination number (6 : 6) (b) CsCl C.No. (8: 8) 
i 2y +r_) 
Edge length of unit cell :- a,, = B oper 


(c) Zinc Blende (ZnS) C.No. (4 : 4) 
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4 
ec = V3 (> Е re) 


(d) Fluorite structure (CaF,) C.No. (8 : 4) 


4 
Arce = V3 (cao * fe-) 


O Crystal Defects (Imperfections) 


Crystal Defects (Point Defects) 


Stoichiometric Non-Stoichiometric 


Schottky Frenkel Metal excess Non-Metal excess 
(ion pairs missing) (dislocation of ions) 


electron in place extra cation in ^ vacant site extra anion in 
of anion the interstitial jn place of cation interstitial (not found) 


CHEMICAL KINETICS & REDIOACTIVITY 


RATE/VELOCITY OF CHEMICAL REACTION : 
AC mol /lit. 


Rate = — = = mol lit time = mol dm? time" 
At sec 
Types of Rates of chemical reaction : IR}. 

For a reaction К —> P | 
= 
S = = (с, 

Total change in concentration E [y= ARI REAL 

Average rate = Total time taken 8 с, -d[R] 
5 —q 7 Slope 
о 

ETT ЕЗ _ dc _ diR] ар] nis 
instantaneous 1—0 At Е dt Pie dt < dt t tt time 


RATE LAW (DEPENDENCE OF RATE ON CONCENTRATION OF REACTANTS): 
Rate = K (сопс. )°"% — differential rate equation or rate expression 
Where K = Rate constant = specific reaction rate = rate of reaction when concentration is unity 
unit of K = (conc) o" time" 


Order of reaction : 
тА + т,В —— products. 
R œ [A]? [8]: X Where p may or may not be equal to m, & similarly q may or may not be equal to т,. 
p is order of reaction with respect to reactant A and q is order of reaction with respect to reactant B and 
(p + q) is overall order of the reaction. 
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INTEGRATED RATE LAWS : 
C, or 'a' is initial concentration and C, or a — x is concentration at time 't' 


(a) zero order reactions : 
Rate = К [сопс]? = constant 
Co - C 

' 


Rate = k = or C=C -kt 


C 
Unit of K = mollit! sec, Time for completion = EE 


_ Co _ Co _ Co 
112? C, = 2" 50 m Б 2 xd t= 2k et C, 


att 


(b) First Order Reactions : 


(i) Let a 1* order reaction is, A | ——9 Products 


iz 2.303 | а ks 2.303 | Co 
Se боду c =m од 
_ 412 _ 0.693 _ кыз А 
> tos E E = Independent of initial concentration. 
= 1 — 
tus Z p 7144 to. 


Graphical Representation : 


2.303 2.303 
t= SRE log C, + | С, 
t tanO- 2.303 
К 
Ө 
log CJC, 
or log a/a-x log С, 


(c) Second order reaction : 
2"4 order Reactions 


Two types 

A + A э products A + В — products. 
a a a b 0 
(a—x) (a-x) a-x b-x 
. dx =k 2 dx =k b 
A^ (a—x) dp (a— х) (b - x) 

1 ры ies 2.303 | b(a - x) 
> Gaya T" = a-b) 99 a(b-x) 


(d) Psuedo first order reaction : 
-. For A + B — Products [Rate = К [A]' [B]'] 
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2.303 b(a- x) 
= t(a—b) 199 а(б—х) 


k 


Now if ‘B’ is taken in large excess b > > a. 


pe 2.303 | а 
zi ты 49 ах 
‘b’ is very large can be taken as constant 


2.303 a 2.303 
=> kb = log > к= 
t a-x t 


a 
log a k' is psuedo first order rate constant 


METHODS TO DETERMINE ORDER OF A REACTION 
(a) Initial rate method : 
r= k[AP [B] [CF if [B] = constant 
[C] = constant 
then for two different initial concentrations of Awe have 


fo) = KIA? , fo; =k IAI" x To. | 


(b) Using integrated rate law : It is method of trial and error. 
(c) Method of half lives : 


1 


th i =e 
for n^ order reaction t c IRI 


(d) Ostwald Isolation Method : 
rate = k [А]? [B]? [CT = k, [А] 
METHODS TO MONITOR THE PROGRESS OF THE REACTION: 


(a) Progress of gaseous reaction can be monitored by measuring total pressure at a fixed volume & temperature 
3 А 2.303 
or by measuring total volume of mixture under constant pressure and temperature. ~. k = t log 
Py (n-1) 


nP. <Р, {Formula is not applicable when n = 1, the value of n can be fractional also.) 
o 't 


(b) Bytitration method : 


_ 2.303 Vo 
1. ELA a-x«V, — k= t log V, 
2. Study of acid hydrolysis of an easter. 
_ 2303 V. Mg 
k= t log V-V, 
(с) By measuring optical rotation produced by the reaction mixture : 


_ 2.303 Oo — 9... 
k= t log 0, — 0.. 
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EFFECT OF TEMPERATURE ON RATE OF REACTION. 


K, +10 
С. = K = 2 to 3 ( for most of the reactions) 
t 


Arhenius theroy of reaction rate. 


| 


Enthalpy (Н) 


SH, = Summation of enthalpies of reactants 
SH, = Summation of enthalpies of reactants 


DH = Enthalpy change during the reaction 
Ea, = Energy of activation of the forward reaction 
Ea, = Energy of activation of the backward reaction 


f 
Threshold enthalpy 
Еа: or energy 
i 


SH, 


SH. 


Progress of reaction (or reaction coordinate) ——%» 


E > E —> endothermic 
Е. <Е, —> exothermic 

AH = (E, -E,) = enthalpy change 
AH = E. ЖЕ E, 

Erena Т E. F E, z E, F E, 

Arhenius equation 

k= Ae ERT 

r = k [conc .]e** 

dink Ea 

dT RT? 


- -Ea I toga 
log k= |- 5303 R |T 


If k, and k, be the rate constant of a reaction at two different temperature T, and T, respectively, then we have 


log E. -Ea OE. 
ку 2.808R(4 Т, 


InA 
E = а, 
9 к= ПА ра Slope = --g E >20 
s T > œ,K > А. InK 


1/T 
REVERSIBLE REACTIONS 
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In а + In Ar 
ч RT Âp 
`| и . 
endothermic 1/T exothermic 1/T 
[Bl = Ky E E. = Es * Es K2 
[C] К, Ё k, +kə 


(ii) REVERSIBLE 1% ORDER REACATION ( both forward and backward ) 


K;a 
z —(k,+k, )t 
X= к i ect) 


(iii) SEQUENTIAL 1°7 ORDER REACTION 


[A] = [Ае ^ 


—k,t 
x-a(1-e ` 


) 


EE K 
tama 7 (К, = K;) Ш K2 
Conc 
N 
a N [C] 
CASE-I К >K, 
[В] 
А 
Al, , 
Сопс 


CASE II : K, >> K, 
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PERIODIC TABLE & PERIODICITY 


Development of Modern Periodic Table : 
(a) Dobereiner’s Triads : He arranged similar elements in the groups of three elements called as triads 
(b) Newland’s Law of Octave : He was the first to correlate the chemical properties of the elements with their 
atomic masses. 
(c) Lother Meyer’s Classification : He plotted a graph between atomic masses against their respective 
atomic volumes for a number of elements. He found the observations ; (i) elements with similar properties 
occupied similar positions on the curve, (ii) alkali metals having larger atomic volumes occupied the crests, 
(iii) transitions elements occupied the troughs, (iv) the halogens occupied the ascending portions of the curve 
before the inert gases and 
(v) alkaline earth metals occupied the positions at about the mid points of the descending portions of the 
curve. On the basis of these observations he concluded that the atomic volumes (a physical property) of the 
elements are the periodic functions of their atomic masses. 


(d) Mendeleev’s Periodic Table : 

Mendeleev’s Periodic’s Law 

the physical and chemical properties of the elements are the periodic functions of their atomic masses. 
Periods Number of Elements Called as 

(1) п = 1 2 Very short period 

2 п= 2 8 Short period 


ШЕЕ в 
(4" п=4 18 Long period 
) n-26 32 Very long period 
Merits of Mendeleev's Periodic table: 
e It has simplified and systematised the study of elements and their compounds. 


e It has helped in predicting the discovery of new elements on the basis of the blank spaces given in its 
periodic table. 


Demerits in Mendeleev's Periodic Table : 

Position of hydrogen is uncertain .It has been placed in IA and VIIA groups 

No separate positions were given to isotopes. 

Anomalous positions of lanthanides and actinides in periodic table. 

Order of increasing atomic weights is not strictly followed in the arrangement of elements in the periodic 
table. 

e Similar elements were placed in different groups. 

e It didn't explained the cause of periodicity. 


(e) Long form of the Periodic Table or Moseley's Periodic Table : 


Modern Periodic Law (Moseley's Periodic Law) : 

If the elements are arranged in order of their increasing atomic number, after a regular interval, elements with 
similar properties are repeated. 

Periodicity : 

The repetition of the properties of elements after regular intervals when the elements are arranged in the order 
of increasing atomic number is called periodicity. 


Cause of Periodicity : 
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The periodic repetition of the properties of the elements is due to the recurrence of similar valence shell 
electronic configurations after certain regular intervals. 
The modern periodic table consists of horizontal rows (periods) and vertical column (groups). 


Periods : 

There are seven periods numbered as 1, 2, 3, 4, 5, 6 and 7. 

e Each period consists of a series of elements having same valence shell. 

e Each period corresponds to a particular principal quantum number of the valence shell present in it. 
e Each period starts with an alkali metal having outermost electronic configuration as ns'. 

e Each period ends with a noble gas with outermost electronic configuration ns?np$ except helium 


having outermost electronic configuration as 15°. 


Each period starts with the filling of new energy level. 


The number of elements in each period is twice the number of atomic orbitals available in energy level 
that is being filled. 


Groups: 
There are eighteen groups numbered as 1, 2, 3, 4, 5, ........... 13, 14, 15, 16, 17, 18. 
Group consists of a series of elements having similar valence shell electronic configuration. 


S-Block Elements p-Block Elements 


2 d -Block Elements 13 14 15 16 17 2 
ША МА МА МА VIIA 


m 4.002 
5 6 7 8 9 10 
B с о F 


3 4 5 6 7 8 9 10 11 12 
VB VB МІВ VII VIII VIII IB 


91.224 


56 57 72 73 74 75 76 77 78 84 85 86 
Cs Ba La* Hf Ta w Re Os Ir Pt Po At Rn 
132.90 137.27 138.905 | 178.49 | 180.947 | 183.85 | 186.207 | 190.2 | 19222 | 195.08 | 196.666 | 200.59 | 204.383 | 207.2 | 207.980 | 209 210 222 
87 88 89 104 105 106 107 108 | 109 110 ТА 
Fr Ra Ac** Rf Ha Sg Bh Hs Mt Uun Uu 
223 226 227 | 261.11 | 262.114 | 262.118 | 262.12 | 265 | 266 269 3 
Inner - Transition Metals (f-Block elements) 
M 
58 59 60 61 62 63 64 65 66 67 68 69 70 71 
А А Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
Lanthanides 140.115 | 140.907 | 144.24 | 145 | 15036 |151.965| 157.25 | 158.925 | 162.50 | 164.930 | 167.26 | 168.934 | 173.04 | 174.967 
ИЕ 90 91 92 93 94 95 96 97 98 99 100 101 102 103 
Actinides Th Pa u Np Pu Am Cm Bk Сї Еѕ Ет ма No Lr 
232.038 | 231 | 238.028 | 237 | 244 243 247 247 251 252 257 258 259 260 


Classification of the Elements : 
(a) s-block elements 


Group 1 & 2 elements constitute the s-block. General electronic configuration is [inert gas] ns‘ 
s-block elements lie on the extreme left of the periodic table. 


(b) p-block elements 


Group 13 to 18 elements constitute the p-block. General electronic configuration is [inert gas] ns? np*? 
(c) d-Block elements 
Group 3 to 12 elements constitute the d-block. General electronic configuration is [inert gas] 


ee Р 
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(n - 1) 911° nst2 
(d) f-Block elements 


General electronic configuration is (n — 2) f*'^ (n — 1) d** ns. All f-block elements belong їо 3" group. 


Elements of f-blocks have been classified into two series. (1) 1° inner transition or 4 f-series, contains 14 
elements ,,Ce to „Lu. (2). IInd inner transition ог 5 f-series, contains 14 elements ,,Th to ‚bf. 


Prediction of period, group and block : 


Q Period of an element corresponds to the principal quantum number of the valence shell. 

Q The block of an element corresponds to the type of subshell which receives the last electron. 

Q The group is predicted from the number of electrons in the valence shell or/and penultimate shell as 
follows. 

(a) For s-block elements ; Group no. = the no. of valence electrons 

(b) For p-block elements ; Group no. = 10 + no. of valence electrons 

(c) Ford-block elements ; Group no. = no. of electrons in (n — 1) d sub shell + no. of electrons in valence shell. 


Metals and nonmetals : 

* The metals are characterised by their nature of readily giving up the electron(s) and from shinning 
lustre. Metals comprises more than 7896 of all known elements and appear on the left hand side of the periodic 
table. Metals are usually solids at room temperature (except mercury, gallium). They have high melting and 
boiling points and are good conductors of heat and electricity. Oxides of metals are generally basic in nature 
(some metals in their higher oxidation state form acid oxides e.g. СгО.). 

* Nonmetals do not lose electrons but take up electrons to form corresponding anions. Nonmetals are 
located at the top right hand side of the periodic table. Nonmetals are usually solids, liquids or gases at room 
temperature with low melting and boiling points. They are poor conductors of heat and electricity. Oxides of 
nonmetals are generally acidic in nature. 


Metalloids (Semi metals) : 
The metalloids comprise of the elements B, Si, Ge, As, Sb and Te. 


Diagonal relationship : 
2" period Li 


Be B C 
3" period Na Mg Al Si 
Diagonal relationship arises because of ; 
(i) on descending a group, the atoms and ions increase in size. On moving from left to right in the periodic 
table, the size decreases. Thus on moving diagonally, the size remains nearly the same. 
(Li = 1.23 А & Mg = 1.36 A; Lit = 0.76 А & Mg? = 0.72 A) 
(ii) it is sometimes suggested that the diagonal relationship arises because of diagonal similarity in 


electronegativity values. 

(Li = 1.0 & Mg = 1.2; Be = 1.5 & Al = 1.5; B = 2.0 & Si = 1.8) 
The periodicity of atomic properties : 

(i) Effective nuclear charge : 
The effective nuclear charge (Z = Z— с, (where Z is the actual nuclear charge (atomic number of the 
element) and o is the shielding (Screening) constant). The value of o i.e. shielding effect can be 
determined using the Slater’s rules. 

(ii) Atomic radius : 

(A) Covalent radius : It is one-half of the distance between the centres of two nuclei (of like atoms) 
bonded by a single covalent bond. Covalent radius is generally used for nonmetals. 
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(B) Vander Waal's radius (Collision radius) : It is one-half of the internuclear distance between two 
adjacent atoms in two nearest neighbouring molecules of the substance in solid state. 
(C) Metallic radius (Crystal radius) : 
It is one-half ofthe distance between the nuclei of two adjacent metal atoms in the metallic crystal lattice. 
* Thus, the covalent, vander Wall's and metallic radius magnitude wise follows the order, 
r «r 


<r 
covalent crystal vander Walls 


Variation in a Period Variation in a Group 
In a period left to right : In a group top to bottom : 
Nuclear charge (Z) increases by one unit Nuclear charge (Z) increases by more than one unit 


Effective nuclear charge (Zar) almost remains constant 
Effective nuclear charge (Ze) also increases because of increased screening effect of inner shells 
electrons. 


But number of orbitals (n) remains constant But number of orbitals (n) increases. 


The effect of increased number of atomic shells 
overweighs the effect of increased nuclear charge. As a 
result of this the size of atom increases from top to 

1 bottom in a given group. 

z* 

Hence atomic radii decrease with increase in 

atomic number in a period from left to right. 


As a result, the electrons are pulled closer to the 
nucleus by the increased Zar. 


In ec 


(iii) lonic radius : 
The effective distance from the centre of nucleus of the ion upto which it has an influence in the ionic bond is 
called ionic radius. 


It is formed by the lose of one or more electrons from|It is formed by the gain of one or more electrons in the| 
the valence shell of an atom of an element. valence shell of an atom of an element. 

Cations are smaller than the parent atoms because, Anions are larger than the parent atoms because 

(i) the whole of the outer shell of electrons is usually|(i) anion is formed by gain of one or more electrons in the 
removed. neutral atom and thus number of electrons increases but 


(ii) in a cation, the number of positive charges on the|magnitude of nuclear charge remains the same. 

nucleus is greater than number of orbital electrons|(ii) nuclear charge per electrons is thus reduced and the 

leading to incresed inward pull of remaining electrons|electrons cloud is held less tightly by the nucleus leading to 

causing contraction in size of the ion. the expansion of the outer shell. Thus size of anion is 
increased. 


(iv) lonisation Energy : 
lonisation energy (IE) is defined as the amount of energy required to remove the most loosely bound 
electron from an isolated gaseous atom to form a cation. 


Mg —&25 M(g*e ; М (0) +1Е, — М (9) + e 


М?" (9) + IE, ——> M” (9) + e 
IE, IE, & IE, are the І“, 11" & III? ionization energies to remove electron from a neutral atom, monovalent 
and divalent cations respectively. In general, (IE), < (IE), < (IE), < .............. 


* Factors Influencing lonisation energy 

(A) Size of the Atom : lonisation energy decreases with increase in atomic size. 

(B) Nuclear Charge : The ionisation energy increases with increase in the nuclear charge. 

(C) Shielding or screening effect : The larger the number of electrons in the inner shells, greater is the 
screening effect and smaller the force of attraction and thus ionization energy (IE) decreases. 

(D) Penetration effect of the electron : Penetration effect of the electrons follows the orders > p» d» 


f for, the same energy level. Higher the penetration of electron higher will be the ionisation energy. 
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Electronic Configuration : If an atom has exactly half-filled or completely filled orbitals, then such an 
arrangement has extra stability. 
Electron Gain Enthalphy : (CHANGED TOPIC NAME) 
The electron gain enthalpy ASH is the change in standard molar enthalpy when a neutral gaseous 
atom gains an electron to form an anion. 

X (9) + © (g) — X (9) 
The second electron gain enthalpy, the enthalpy change for the addition of a second electron to an 
initially neutral atom, invariably positive because the electron repulsion out weighs the nuclear attraction. 


Group 17 elements (halogens) have very high negative electron gain enthalpies (i.e. high electron 
affinity) because they can attain stable noble gas electronic configuration by picking up an electron. 
Across a period, with increase in atomic number, electron gain enthalpy becomes more negative 

As we move in a group from top to bottom, electron gain enthalpy becomes less negative 

Noble gases have large positive electron gain enthalpies 

Negative electron gain enthalpy of O or F is less than S or Cl. 

Electron gain enthalpies of alkaline earth metals are very less or positive 

Nitrogen has very low electron affinity 

1 


(i) Electron affinity ос ——————— 
Atomic size 


(ii) Electron affinity < Effective nuclear charge Cz...) 


(iii) Electron affinity * (iv) Stability of half filled and completely filled orbitals of a 


Screening effect * 


subshell is comparatively more and the addition of an extra electron to such an system is difficult and 
hence the electron affinity value decreases. 


(VI) Electronegativity : 


(a) 


(b) 


(VII) 


Electronegativity is a measure of the tendency of an element to attract shared electrons towards itself 
in a covalently bonded molecules. 
Pauling's scale : 


A-X,-X,7 0.208 JE. a – [Es a XEn.n 
E, , = Bond enthalpy/ Bond energy of A — B bond. 


E, ,7 Bond energy of A—A bond 
E, , = Bond energy of B – B bond 


(All bond energies are in kcal / mol) 


&-X,-X,5 01017 [E е ЈЕ а Ева 


All bond energies are in kJ / mol. 


Mulliken's scale : 


ЛЕ + ЕА 
Xu = 


2 
Paulings’s electronegativity x, isrelated to Mulliken's electronegativity y,, as given below. 
X, = 1.35 (Xp — 1.37 
Mulliken's values were about 2.8 times larger than the Pauling's values. 
Periodicity of Valence or Oxidation States : 


There are many elements which exhibit variable valence. This is particularly characteristic of transition 
elements and actinoids. 


UE , 
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(VIII) Periodic Trends and Chemical Reactivity : 


Q In a group, basic nature of oxides increases or acidic nature decreases. Oxides of the metals are 
generally basic and oxides of the nonmetals are acidic. The oxides of the metalloids are generally 
amphoteric in nature. The oxides of Be, Al, Zn, Sn, As, Pb and Sb are amphoteric. 

Q In a period the nature of the oxides varies from basic to acidic. 

Na,O MgO ALO, SiO, PO, SO, CLO, 
Strongly basic Basic amphoteric Weakly acidic Acidic Acidic Strongly acidic 


ecto ар 


lonization Enthalpy 


lonization Enthalpy 


Electron Gain Enthalpy 


Electronegativity 


CHEMICAL BONDING 
Chemical Bond : 
In the process each atom attains a stable outer electronic configuration of inert gases. 
lonic or Electrovalent Bond : 
The formation of an ionic compound would primarily depends upon : 
* The ease of formation of the positive and negative ions from the respective neutral atoms. 


*The arrangement of the positive and negative ions in the solid, that is the lattice of the crystalline compound. 
Conditions for the formation of ionic compounds : 


(i) Electronegativity difference between two combining elements must be larger. 
(ii) lonization enthalpy (M(g) — M'*(g) + e? of electropositive element must be low. 
(iii) Negative value of electron gain enthalpy (X (9) + e — X (g)) of electronegative element should be high. 


(iV) Lattice enthalpy (M*(g) + X- (9) — MX (s)) of an ionic solid must be high. 
Lattice Enthalpy : 


The lattice enthalpy of an ionic solid is defined as the energy required to completely separate one mole of a 
solid ionic compound into gaseous constituent ions. 


Factors affecting lattice energy of an ionic compound : 


(i) Lattice energy œ ETT where (r, + r ) = Inter-ionic Distance. 
+ E 


(il) Lattice energy «Z,,Z_ 
Z, = charge on cation in terms electronic charge. 
Z = charge on anion in terms electronic charge. 


Determination of lattice energy : 
Born-Haber Cycle : 


It inter relates the various energy terms involved during formation of an ionic compound. 
It a thermochemical cycle based on the Hess's law of constant heat summation. 
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Hydration : 
Allthe simple salts dissolve in water, producing ions, and consequently the solution conduct electricity. Since 
Li* is very small, it is heavily hydrated. This makes radius of hydrated Li* ion large and hence it moves only 
slowly. In contrast, Cs* is the least hydrated because of its bigger size and thus the radius of the Cs* ionis 
smaller than the radius of hydrated Li*, and hence hydrated Cs* moves faster, and conducts electricity more 
readily. 


Hydrolysis : 
Hydrolysis means reaction with water molecules ultimately leading to breaking of O-H bond into H* and OH- 
ions. 
Hydrolysis in covalent compounds takes place generally by two mechanisms 
(a) By Coordinate bond formation : Generally in halides of atoms having vacant d-orbitals or of halides of atoms 
having vacant orbitals. 
(b) By H-bond formation : For example in Nitrogen trihalides 

General properties of ionic compounds : 

(a) Physical state : At room temperature ionic compounds exist either in solid state or in solution phase but not 
in gaseous state. 


(b) Simple ionic compounds do not show isomerism but isomorphism is their important characteristic. 
e.g., FeSO, .7H,O | MgSO, .7H,O 
(c) Electrical conductivity : 


All ionic solids are good conductors in molten state as well as in their aqueous solutions because their ions are 
free to move. 


(D SOLUBILITY OF IONIC COMPOUNDS : 


Soluble in polar solvents like water which have high dielectric constant 


Covalent character in ionic compounds (Fajan’s rule) : 8 
Fajan’s pointed out that greater is the polarization of anion in a molecule, Cation ©) 
more is covalent character in it. 


More distortion of anion, more will be polarisation then covalent character increases. 


Fajan’s gives some rules which govern the covalent character in the ionic compounds, which are as follows: 


(i) Size of cation :Size of cation a 1 / polarisation. 

(ii) Size of anion : Size of anion a polarisation 

(iii) Charge on cation : Charge on cation a polarisation. 
(iv) Charge on anion : Charge on anion a polarisation. 
М) Pseudo inert gas configuration of cation: 


Covalent Bond : 
It forms by sharing of valence electrons between atoms to form molecules e.g., formation of Cl, molecule : 


168 +166 — GOE) 


8e 8e 
or CI СІ 
Covalent bond between two Cl atoms 
The important conditions being that : 
(i) Each bond Is formed as a result of sharing of an electron pair between the atoms. 
(ii) Each combining atom contributes at least one electron to the shared pair. 
(iii) The combining atoms attain the outer- shell noble gas configurations as a result of the sharing of electrons. 


RUNE Р 
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Coordinate Bond (Dative Bond): 
The bond formed between two atom in which contribution of an electron pair is made by one of them while the 
sharing is done by both. 


+ 


З | 
(i) NH4 (ammonium ion) mOn —— |H- | -H 
А H 
Donor Acceptor 
Os о 
- р ARB y, 
Nes x 
(ii) O, (ozone) Коз б. ог J А 3 


Other examples : Н, SO, , HNO, , Н.О", N,O, [Cu(NH,),]* 
Formal Charge : 


Formal charge (F.C.) Total number of valence Total number of non bonding 
On an atom in a Lewis) = || electron inthe free atom | 7| (lone pair) electrons 


structure 


Total number of 
bonding (shared) 
electrons 


= (4) 


+. 


O 
4 \ 
O О 


Formal charges help in the selection of the lowest energy structure from a number of possible Lewis 
structures for a given species. 


Limitations of the Octet Rule : 
1. The incomplete octet of the central atom 
LiCl, BeH, and BCI, AICI, and BF.. 


2. Odd-electron molecules 
nitric oxide, NO and nitrogen dioxide. NO, 


or 


Nö б-0-0 


3. The expanded octet 
Fo "E е T 
| pd B EN | LE èh s 
Е рУ :: DE TGO. H-Q0-5-0-H 
| SE: ИВ Е n 
Е: Gu Е: ЮО: 
РЕ, SF, H,SO, 


10 electrons around the P atom 12 electrons around the S atom 12 electrons around the S atom 


4. Other drawbacks of the octet theory 

(i) some noble gases (for example xenon and krypton) also combine with oxygen and fluorine to form a number of 
compounds like XeF, , KrF, , XeOF, etc., 

(ii) This theory does not account for the shape of molecules. 


(iii) It does not explain the relative stability of the molecules being totally silent about the energy of a molecule. 
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(ii) 
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Valence bond theory (VBT) : 
H, (g) + 435.8 kJ mol - — H(g) + H(g) 


8 
E 
x 
= 
o 
24 
ui Distance of separation 
| Bond 
435.8 Energy 


Bond Length 74pm internuclear distance ——> 
Orbital Overlap Concept 


according to orbital overlap concept, the formation of a covalent bond between two atoms results by pairing of 
electrons present, in the valence shell having opposite spins. 


Types of Overlapping and Nature of Covalent Bonds 
The covalent bond may be classified into two types depending upon the types of overlapping : 
(i) sigma(o) bond, and (ii) pi (л) bond 


Sigma (o) bond : Thistype of covalent bond is formed by the end to end (head-on) overlap of bonding orbitals 
along the internuclear axis. 
€ s-s overlapping 


+ A 


s-orbital s-orbital s-s overlapping 
€ 5-р overlapping: 


s—orbital p-orbital s—p orbital 
€ p-p overlapping : Thistype of overlap takes place between half filled p-orbitals of the two approaching atoms. 


p-orbital p-orbital p-p overlaping 


р(х) bond : In the formation of x bond the atomic orbitals overlap in such a way that their axes remain parallel 
to each other and perpendicular to the internuclear axis. 


p-orbital p-orbital 
p-p overlaping 


Strength of Sigma and pi Bonds : 
In case of sigma bond, the overlapping of orbitals takes place to a larger extent. Hence, it is stronger as 
compared to the pi bond where the extent of overlapping occurs to a smaller extent. 


USE И 
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Valence shell electron pair repulsion (VSEPR) theory : 
The main postulates of VSEPR theory are as follows: 


(i) The shape of a molecule depends upon the number of valence shell electron pairs [bonded or nonbonded) 
around the central atom. 

(ii) Pairs of electrons in the valence shell repel one another since their electron clouds are negatively charged. 

(iii) These pairs of electrons tend to occupy such positions in space that minimise repulsion and thus maximise 
distance between them. 

(iv) The valence shell istaken as a sphere with the electron pairs localising on the spherical surface at maximum 
distance from one another. 

(б) A multiple bond is treated as if it is a single electron pair and the two ог1һгее electron pairs of a multiple bond 
are treated as a single super pair. 

(vi) Where two or more resonance structures can represent a molecule, the VSEPR model is applicable to any 


such structure. 

The repulsive interaction of electron pairs decreases in the order : 

lone pair (£p) - lone pair (£p) > lone pair (£p) - bond pair (bp) > bond pair (bp) -bond pair (bp) 
Hybridisation : 


Salient features of hybridisation : 


1. The number of hybrid orbitals is equal to the number of the atomic orbitals that get hybridised. 

2. The hybridised orbitals are always equivalent in energy and shape. 

3. The hybrid orbitals are more effective in forming stable bonds than the pure atomic orbitals. 

4. These hybrid orbitals are directed in space in some preferred direction to have minimum repulsion between 
electron pairs and thus a stable arrangement is obtained. Therefore, the type of hybridisation indicates the 
geometry of the molecules. 

Important conditions for hybridisation : 

(i) The orbitals present in the valence shell of the atom are hybridised. 

(ii) The orbitals undergoing hybridisation should have almost equal energy. 

(iii) Promotion of electron is not essential condition prior to hybridisation. 

(iv) It is the orbital that undergo hybridization and not the electrons. 


Determination of hybridisation of an atom in a molecule or ion: 


Steric number rule (given by Gillespie) : 
Steric No. of an atom = number of atom bonded with that atom + number of lone pair(s) left on that atom. 


Table-3 
Steric number Types of Hybridisation Geometry 
2 sp Linear 
3 sp? Trigonal planar 
4 sp? Tetrahedral 
5 sp? d Trigonal bipyramidal 
6 sp? а? Octahedral 
7 sp? d? Pentagonal bipyramidal 


Hybridization Involving d-orbital : 
Type of ‘d’ orbital involved 


sp?d dz 
ѕр?а? dx? – у? & dz’? 
ѕр?а? dx? — y?, dz? & dxy 


dsp? drag 
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Molecular Orbital Theory (MOT) : 
developed by F. Hund and R.S. Mulliken in 1932. 


(i) Molecular orbitals are formed by the combination of atomic orbitals of comparable energies and proper symmetry. 

(il) An electron in an atomic orbital is influenced by one nucleus, while in a molecular orbital it is influenced by two 
or more nuclei depending upon the number of the atoms in the molecule. Thus an atomic orbital is monocentric 
while a molecular orbital is polycentric. 

(iii) The number of molecular orbitals formed is equal to the number of combining atomic orbitals. When two atomic 
orbitals combine, two molecular orbitals called bonding molecular orbital and anti-bonding molecular 
orbital are formed. 

(iv) The molecular orbitals like the atomic orbitals are filled in accordance with the Aufbau principle obeying the 
Pauli Exclusion principle and the Hund's Rule of Maximum Multiplicity. But the filling order of these 
molecular orbitals is always experimentally decided, there is no rule like (n + 1) rule in case of atomic 
orbitals. 


CONDITIONS FOR THE COMBINATION OF ATOMIC ORBITALS : 


1. The combining atomic orbitals must have the same or nearly the same energy. 
2. The combining atomic orbitals must have the same symmetry about the molecular axis. 
3. The combining atomic orbitals must overlap to the maximum extent. 


ENERGY LEVEL DIAGRAM FOR MOLECULAR ORBITALS : 


The increasing order of energies of various molecular orbitals for O, and F, is given below : 

с 15 < o* 15 < 625 < б*25 < (л2р, = л2р) < o2p, < (л*2р„= л*2р) < с*2р, 

The important characteristic feature of this order is that the energy of o2p, molecular orbital is higher than 
that of 12p, and x2p, molecular orbitals. 


BOND ORDER 


Bond order (b.o.) = % (№, - №) 
A positive bond order (i.e., №, > М.) means a stable molecule while a negative (i.e., N, < №.) or zero 
(i.e., N, = №.) bond order means an unstable molecule. 


NATURE OF THE BOND: 

Integral bond order values of 1, 2 or 3 correspond to single, double or triple bonds respectively. 
BOND-LENGTH : 

The bond order between two atoms in a molecule may be taken as an approximate measure of the bond length. 
The bond length decreases as bond order increases. 


MAGNETIC NATURE : 
If all the molecular orbitals in a molecule are doubly occupied, the substance is diamagnetic (repelled by 
magnetic field) e.g., N, molecule. 


Dipole moment : 
Dipole moment (и) = Magnitude of charge (q) x distance of separation (d) 
Dipole moment is usually expressed in Debye units (D). The conversion factors are 


Q 1 D = 3.33564 x 107? Cm, where C is coulomb and m is meter. 


Q 1 Debye = 1 x 10-5 e.s.u. cm. 
For example the dipole moment of HF may be represented as 


qee 
Н — F: 
The shift in electron density is represented by crossed arrow (1————») above the Lewis structure to indicate 
the direction of the shift. 
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a molecule will have a dipole moment if the summation of all of the individual moment vector is non-zero. 


A 
0 R= JP? + Q? + 2PQ cose , where R is resultant dipole moment. 


DMzQ 


Resonance: 


Definition : Resonance may be defined as the phenomenon in which two or more structures involving in 
identical position of atom, can be written for a particular compound. 


For example, the ozone, O, molecule can be equally represented by the structures | and Il shown below : 


Ў > v 6 of XS 
О: О: б Q: o o 
“oy П ш 


Resonance in the О, molecule 


Resonance Hybrid : It is the actual structure of all different possible structures that can be written for the 
molecule without violating the rules of covalence maxima for the atoms. 


ы — б: 
Resonance hybrid 
Hydrogen Bond: 
Se IN H*- Fè- E Н+ F---- Hë — Fè- 
Conditions required for H-bond : 
(i) Molecule should have more electronegative atom (F, O, N) linked to H-atom. 


(ii) Size of electronegative atom should be smaller. 
(iii) A lone pair should be present on electronegative atom. 


Q Order of H-bond strength 


TYPES OF H-BONDS : 

(A) Intramolecular H-Bonding : 
it is formed when hydrogen atom is present in between the two highly electronegative (F, O, N) atoms within the 
same molecule. 


o-hydroxy benzaidehyde 
It has lower boiling point (i.e. more volatile) than its para-derivative 


Necessary conditions for the formation of intramolecular hydrogen-bonding : 

(a) the ring formed as a result of hydrogen bonding should be planar. 

(b) a 5- or 6- membered ring should be formed. 

(c) interacting atoms should be placed in such a way that there is minimum strain during the ring closure. 


i Е 
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(B) Intermolecular H-Bonding : 
it is formed between two different molecules of the same or different compounds. 
(a) In water molecules 
a 6+ 8 ôr b+ B+ at OF 
H—O.. eet EET 
| | 
Н+ H+ Hd+ Hó* 
(b) The hydrogen bonds in HF link the F atom of one molecule with the H-atom of another molecule, thus 
forming a zig-zag chain (HF), in both the solid and also in the liquid. 
QR Е 
“5 ZN 
чү: H н. H H 
7 Е ` p^ b 


Intermolecular forces (Vander Waal's Forces) : 


Intermolecular attractions hold two or more molecules together. These are weakest chemical forces and can be 
of following types. 

(a) lon-dipole attraction : 

(b) Dipole-dipole attraction : 

(с) lon-induced dipole attraction : 

(d) Dipole-induced dipole attraction : 

(е) Instantaneous dipole- Instantaneous induced dipole attraction : (Dispersion force or London forces) 


Q Strength of vander waal force ~ molecular mass. 
Q van der Waal’s force « boiling point. 
Metallic bond : 


Two models are considered to explain metallic bonding: 
(A) Electron-sea model (B) Band model 


Some special bonding situations : 
(a) Electron deficient bonding: 
There are many compounds in which some electron deficient bonds are present apart from normal covalent 
bonds or coordinate bonds. These electron deficient bonds have less number of electrons than the expected 
such as three centre-two electron bonds (3c-2e) present in diborane B.H,, Al,(CH,),, BeH,(s) and bridging metal 
carbonyls. 


(b) Back Bonding: 

Back bonding generally takes place when out of two bonded atoms one of the atom has vacant orbitals 
(generally this atom is from second or third period) and the other bonded atom is having some non-bonded 
electron pair(generally this atom is from the second period). Back bonding increases the bond strength and 
decreases the bond length. For example, in ВЕ, 


Vacant Filled 
2p-orbital 2p-orbital 


the extent of back bonding in boron trihalides. 
BF, > BCI, > BBr, 
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COORDINATION COMPOUNDS 


Addition Compounds : 
They are formed by the combination of two or more stable compounds in stoichiometric ratio. These 
are 
(1) Double salts and (2) Coordination compounds 


Double salts : 
Those addition compounds which lose their identity in solutions 
eg. K,SO, , AL(SO4 
Coordination Compounds : 
Those addition compounds which retain their identity (i.e. doesn’t lose their identity) in solution are 
Fe(CN), + 4KCN ——> Fe(CN), . 4KCN or К, [Fe(CN)4] (aq.) > 4K* (aq.) + [Fe(CN),]* (aq.) 


Central Atom/lon : 
In a coordination entity-the atom/ion to which are bound a fixed number of ligands in a definite geometrical 
arrangement around it. 


Ligands : 
The neutral molecules, anions or cations which are directly linked with central metal atom or ion in the coordination 
entity are called ligands. 


Chelate ligand : 
Chelate ligand is a di or polydentate ligand which uses its two or more donor atoms to bind a single metal ion 
producing a ring. 


Ambidentate Ligand : 


Ligands which can ligate through two different atoms present in it 


2 
М < М, nitrito-N : M — O—N-O nitrito-O 


M< SCN thiocyanato orthiocyanato-S ; М < NCS  isothiocyanato or thiocyanato-N 


Coordination Number : 
The number of ligand donor atoms to which the metal is directly attached. 


Oxidation number of Central Atom : 
The oxidation number of the central atom is defined as the charge it would carry if all the ligands are removed 
along with the electron pairs that are shared with the central atom. [Fe(CN),]* is +3 and itis written as Fe(III). 
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Denticity and Chelation : 


Table : 1 
Common Monodentate Ligands 
Common Name IUPAC Name Formula 
methyl isocyanide methylisocyanide CH3NC 


triphenyl phosphine 


triphenyl phosphine/triphenyl phosphane PPhs 


pyridine 


pyridine CsHsN (py) 


ammonia 
methyl amine 


water 


ammine NH3 


carbonyl 


thiocarbonyl 


aqua or aquo Но 
carbonyl со 


isothiocyano 


fluoro fluoro or fluorido* E^ 
cyano cyanido or cyanido-C* (C-bonded) CN 


thiocyanato-N(N-bonded) 


cyanato (cyanate) 


cyanato-O (O-bonded) 


isocyanato (isocyanate) 


cyanato-N (N-bonded) 


hydroxo hydroxo or hydroxido* 
nitro nitrito-N (N—bonded) 
nitrito nitrito-O (O—bonded) 
nitrate nitrato 
amido amido 
imido imido 
nitride nitrido 
azido azido 
hydride hydrido 
oxide oxido 
peroxide peroxido 
superoxide superoxido 
acetate acetato 
sulphate sulphato 
thiosulphate thiosulphato 
sulphite sulphito 


hydrogen sulphite 


hydrogensulphito 


sulphide 


sulphido or thio 


hydrogen sulphide 
thionitrito 
nitrosylium 


nitronium 


hydrogensulphido or mercapto 


thionitrito (NOS) 


nitrosylium or nitrosonium NO* 


* The 2004 IUPAC draft recommends that anionic ligands will end with-ido. 
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Table : 2 
Common Chelating Amines 


Chelating Common Name IUPAC Name Abbreviation Formula 
Points 
bidentate ethylenediamine 1,2-ethanediamine/ en NH, CH,CH,NH, 
ethane-1,2-diamine 
bidentate propanediamine 1,2-propanediamine pn NH,-CH-CH,-NH, 
CH, 
tridentate diethylenetriamine [N-(2-aminoethy)-1 dien NH,CH,CH,NHCH,CHNH, 


2-ethanediamine 
or diethylenetriamine 


tetradenate triethylenetetraamine IN, N'-bis-(2-aminoethyl-1, trien NH,CH,CH,NHCH,CH.NHCH,CH,NH, 
2-ethanediamine 
or triethylenetetraamine tren 
triaminotriethylamine B. B. B"-tris(2-aminoe- NH,CH,CH;NCH;CH;NH, 
thyl) amine. | 
CH,CH,NH, 
pentadentate tetraethylenepentaamine 1,4,7,10 pentaazatridecane NH,CH,CH,NHCH,CH,NHCH,CH,NHCH,CH,NH, 
or tetraethylenepenteamine D А й 
| сеи “OOCH.C. CH,COC" 
hexadentate —— ethylenediaminetetraacetate — 1,2-ethanediyl (dinitrlo) — entra 
tetraacetate NCH,CH,N 
or ethylenediaminetetraacetate "DOCH.C CH,COO" 
Table : 3 
Common Multidentate (Chelating) Ligands 
Common Name IUPAC Name Abhreviation| Formula Structure 
9-9 
2,4-pentanediono x S mE 
acetylacetonato acac CH3COCHCOCH3 oe: 
or acetylacetonato ag ec “ен, 
N N 
2,2'-bipyridine 2,2'-bipy ridy| bipy Соне C C3 
; FN NL 
1,10-phenanthroline/ < ) ) у 
phenanthroline 1,10-diaminophenanthrene phen,o-phen |C45HgN5 С) С) 
On A 
oxalato oxalato ox C204 Yo db = 
+ o7 Sa 
5 
dialkyldithiocarbamato dialkylcarbamodithioato dtc S,CNR; E TN 
PS NR 
1,2-ethanediylbis 
1,2-bis(diphenylphophine)ethane prey inne Shere) Ph5P C2H4PPh»5 
o-pheny lenebis 1,2-phenylenebis A 
(dimethylarsine) (dimethylarsene) dials СеНа(Ав (CH3)2)2 
A : butanedienedioxime E 
dimethy gly oximato or dimethylglyoximato HONC(CH3)C(CH3)NO 


1,2-ethanediyl 
ethylenediaminetetraacetato (dinitrilo)tetraacetato ('OOCCH2;NCH;CH5N(CH;2COO"); 
or ethylenediaminetetraacetato 


И КАЕШ 
hydrotris- te 
pyrazolylborato (pyrazo-1-yl)borato | MS )) 


^1 
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Homoleptic and heteroleptic complexes 
Complexes in which a metal is bound to only one type of donor groups, e.g., [Cr(NH,),]**, are known as 
homoleptic. Complexes in which а metal is bound to more than one type of donor groups, e.g., [Co(NH.) Br". 
are known as heteroleptic. 


Nomenclature of Coordination Compounds 
Writing the formulas of Mononuclear Coordination Entities : 


() 
(i) 


(iii) 
(V) 


№ 
(v) 


vil) 


The central atom is placed first. 

The ligands are then placed in alphabetical order. The placement of a ligand in the list does not depend 
on its charge. 

Polydentate ligands are also placed alphabetically. In case of abbreviated ligand, the first letter of the 
abbreviation is used to determine the position of the ligand in the alphabetical order. 

The formula for the entire coordination entity, whether charged or not, is enclosed in square 
brackets. When ligands are polyatomic, their formulas are enclosed in parentheses. Ligands 
abbreviations are also enclosed in parentheses. 

There should be no space between the ligands and the metal within a coordination sphere. 

When the formula of a charged coordination entity is to be written without that of the counterion, the 
charge is indicated outside the square brackets as a right superscript with the number before the sign. 
For example, [Co(H,©),]**, [Fe(CN),]> etc. 

The charge of the cation(s) is balanced by the charge of the anion(s). 


Writing the name of Mononuclear Coordination Compounds : 


0) 


(ii) 
(ii) 


(v) 


V 


(vi) 


(vii) 


Like simple salts the cation is named first in both positively and negatively charged coordination 
entities. 


The ligands are named in an alphabetical order (according to the name of ligand, not the prefix) before 
the name of the central atom/ion. 

Names of the anionic ligands end in —o and those of neutral ligands are the same except aqua for H,O, 
ammine for NH., carbonyl for CO, thiocarbonyl for CS and nitrosyl for NO. But names of cationic 
ligands end in-ium. 


Prefixes mono, di, tri, etc., are usedto indicate the number of the one kind of ligands in the coordination 
entity. When the names of the ligands include a numerical prefix or are complicated or whenever the 
use of normal prefixes creates some confusion, it is set off in parentheses and the second set of 
prefixes is used. 


2 di bis 3 tri tris 
4 tetra tetrakis 5 penta pentakis 
6 hexa hexakis 7 hepta heptakis 


Oxidation state of the metal in cation, anion or neutral coordination entity is indicated by Roman 
numeral in the parentheses after the name of metal. 


If the complex ion is a cation, the metal is named same as the element. For example, Co in a complex 
cation is called cobalt and Pt is called platinum. If the complex ion is an anion, the name of the metal 
ends with the suffix - ate. For example, Co in a complex anion, [Co(SCN),]* is called cobaltate. For 
some metals, the Latin names are used in the complex anions. 


iron (Fe) ferrate lead (Pb) plumbate 
silver (Ag) argentate tin (Sn) stannate 
gold (Au) aurate 


The neutral complex molecule is named similar to that of the complex cation. 
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Werner's Theory : 
According to Werner most elements exhibit two types of valencies : (a) Primary valency and (b) Secondary 
valency. 
(a) Primary valency : 


This corresponds to oxidation state of the metal ion. This is also called principal, ionisable or ionic valency. It 
is satisfied by negative ions and its attachment with the central metal ion is shown by dotted lines. 
(b) Secondary or auxiliary valency : 

It is also termed as coordination number (usually abbreviated as CN) of the central metal ion. It is non-ionic or 
non-ionisable (i.e. coordinate covalent bond type). In the modern terminology, such spatial arrangements are 
called coordination polyhedra and various possibilities are 

C.N.-2 linear C.N. = 3 Triangular 

C.N.=4 tetrahedral or square planar C.N.=6 octahedral. 


Effective Atomic Number Rule given by Sidgwick : 


Effective Atomic Number (EAN) = Atomic no. of central metal — Oxidation state of central metal + No. of 
electrons donated by ligands. 


Valence bond theory : 
The model utilizes hybridisation of (n-1) d, ns, np or ns, np, nd orbitals of metal atom or ion to yield a set of 
equivalent orbitals of definite geometry to account for the observed structures such as octahedral, square 
planar and tetrahedral, and magnetic properties of complexes. The number of unpaired electrons, measured by 
the magnetic moment of the compounds determines which d-orbitals are used. 
Table : 5 


Coordiantion number of metal | Type of hybridisation | Shape of complex 
| sp — (| Tetrhedrl — | 
Square planer 


sp? 
2 
5 Trigonal bipyramidal 
рер —— | Octahedral 
PO sp? | Octahedral 


Coordination Number Six : 
In the diamagnetic octahedral complex, [Co(NH,),]**, the cobalt ion is in +3 oxidation state and has the 
electronic configuration represented as shown below. 


d?sp? hybrid orbital 
The complex [FeF,]*- is paramagnetic and uses outer orbital (4d) in hybridisation (sp?d?) ; it is thus called as 
outer orbital or high spin or spin free complex. So, 


[Fer J B SELL 


sp?d? hybrid orbitals 
Coordination Number Four : 
Inthe paramagnetic and tetrahedral complex [NiCl,]*, the nickel is іп +2 oxidation state and the ion has the 
electronic configuration 3d*. The hybridisation scheme is as shown in figure. 


[МСУ ШЭ ЇШЇП [E] EEL 


sp? hybrid orbitals 
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Similarly complex [Ni(CO),] has tetrahedral geometry and is diamagnetic as it contains no unpaired electrons. 
The hybridisation scheme is as shown in figure. 


INCO), El EEE 


sp? hybrid orbitals 
The hybridisation scheme for [Ni(CN),]* is as shown in figure. 


[Ni(CN),F- ponme 


dsp? hybrid orbitals 
It suffers from the following shortcomings : 


A number of assumptions are involved. 

There is no quantitative interpretation of magnetic data. 

It has nothing to say about the spectral (colour) properties of coordination compounds. 

It does not give a quantitative interpretation of the thermodynamic or kinetic stabilities of coordination compounds. 
It does not make exact predictions regarding the tetrahedral and square-planar structures of 4-coordinate 
complexes. 

It does not distinguish between strong and weak ligands. 


Magnetic Properties of Coordination Compounds : 


Magnetic Moment = ./n(n--2) Bohr Magneton ; n = number of unpaired electrons 

For metal ions with upto three electrons in the d-orbitals like Ti?*, (d^ ; V= (d?) ; Сг (d?) ; two vacant 
d-orbitals are easily available for octahedral hybridisation. The magnetic behaviour of these free ions and their 
coordination entities is similar. When more than three За electrons are present, like in Cr* and Мп?“ (d^ ; Mn?* 
and Ғе? (d5) ; Fe** and Со?” (99) ; the required two vacant orbitals for hybridisation is not directly available (as 
a consequence of Hund's rules). Thus, for d^, d? and d? cases, two vacant d-orbitals are only available for 
hybridisation as a result of pairing of 3d electrons which leaves two, one and zero unpaired electrons respectively. 


Crystal Field Theory : 


The crystal field theory (CFT) is an electrostatic model which considers the metal-ligand bond to be ionic 
arising purely from electrostatic interaction between the metal ion and the ligand. 
(a) Crystal field splitting in octahedral coordination entities : 


Y Energy correspond 
inu to absorption. 


average 


energy (Bari center) 
level 


é 
Pd Average energy | 
,^ Oof'd'orbitals in spherical 
crystal field 


Energy corresponds to 
evolution of energy. 


Crystal field splitting 
for octahedral complex 


Free metal ion 


Figure showing crystal field splitting in octahedral complex. 
The crystal field splitting, Aj, depends upon the fields produced by the ligand and charge on the metal ion. 
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Ligands can be arranged in a series in the orders of increasing field strength as given below : 

l- < Br < SCN- < СІ- < S* < F- < OH- < 6047 < H,O < NCS- < edta* < NH, < en < NO; < CN- < CO 
Such a series is termed as spectrochemical series. It is an experimentally determined series based on the 
absorption of light by complexes with different ligands. 

Calculation of Crystal Field stabilisation energy (CFSE) 

Formula : CFSE = [- 0.4 (n) b, * 0.6 (п) ejl Apt *nP. 

where n & n’ are number of electron(s) in tj, & e; orbitals respectively and A, crystal field splitting energy for 
octahedral complex. *n represents the number of extra electron pairs formed because ofthe ligands in comparison 
to normal degenerate configuration. 


(b) Crystal field splitting in tetrahedral coordination entities : 

In tetrahedral coordination entity formation, the d orbital splitting is inverted and is smaller as compared to the 
octahedral field splitting. For the same metal, the same ligands and metal-ligand distances, it can be shown 
that A, = (4/9)A,. 


Energy 
4 


42/5 A = 04 A, 
ERE 
-3/5 A =~ 0.6 A, А 


Average energy of 'd' orbitals 
in spherical crystal field. 


Splitting of d orbitals 
Free metal ion. in tetrahedral crystal 
field. 


Figure showing crystal field splitting in tetrahedral complex. 


COLOUR IN COORDINATION COMPOUNDS : 
According to the crystal field theory the colour is due to the d-d transition of electron under the influence of 
ligands. We know that the colour of a substance is due to the absorption of light at a specific wavelength in the 
visible part of the electromagnetic spectrum (400 to 700 nm) and transmission or reflection of the rest of the 
wavelengths. 
Limitations of crystal field theory 


(1) It considers only the metal ion d-orbitals and gives no consideration at all to other metal orbitals (such 
as S, p. p, and p, orbitals). 

Q) It is unable to account satisfactorily for the relative strengths of ligands. For example it gives no 
explanation as to why H,O is a stronger ligand than OH in the spectrochemical series. 

(3) According to this theory, the bond between the metal and ligands are purely ionic. It gives no account 
on the partly covalent nature of the metal ligand bonds. 

(4) The CFT cannot account for the z-bonding in complexes. 


STABILITY OF COORDINATION COMPOUNDS : 
The stability of a coordination compound [ML,] is measured in terms of the stability constant (equilibrium 
constant) given by the expression, 
В, = [ML,/IM(H,O), и" 

for the overall reaction : 

M(H,O), + nL —— ML, + nH,O 
By convention, the water displaced is ignored, as its concentration remains essentially constant. The above 
overall reaction takes place in steps, with a stability (formation) constant, К, K,, K,, ...... K, for each step as 
represented below : 
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M(H,O), + <> ML(H,O), , + H,O 
K, = [ML(H,O), .]/(M(B,O),IILT: 
ML, , (H,O) + L ==> ML, + H,O 
K, = [ML,]/ (ML, (H,0)] [LI 
M(H,O), + nL ==> ML, + nH,O 
B, EK XK XK x ........ xK, 
Ba the stability constant, is related to thermodynamic stability when the system has reached equilibrium. 


ISOMERISM : 


(1) 
(A) 


(B) 


(С) 


(D) 


(E) 


(F) 


(2). 


STRUCTURAL ISOMERISM : 

lonisation isomerism : 

This type of isomerism occurs when the counter ion in a coordination compound is itself a potential ligand and 
can displace a ligand which can then become the counter ion. 

[Co(NH,),SO, JNO, and [Co(NH,),NO,JSO, 


Solvate / hydrate isomerism : 

It occurs when water forms a part of the coordination entity or is outside it. 

Complex Reaction with AgNO, Reaction with conc. H,SO (dehydrating agent) 
[Cr(H,O)JICI, in the molar ratio of 3:1 No water molecule is lost or no reaction 
[CrCI(H,O),]CI,.H.O in the molar ratio of 2:1 one mole of water is lost per mole of complex 
[CrCl (H.O),]CI.2H,O in the molar ratio of 1:1 two mole of water are lost per mole of complex 


Linkage isomerism : 

In some ligands, like ambidentate ligands, there are two possible coordination sites. In such cases, linkage 
isomerism exist. e.g., 

For example : [Co(ONO)(NH,)g] СІ, & [Co(NO,) (NH3)4] Cl, . 

Coordination isomerism : 

Coordination compounds made up of cationic and anionic coordination entities show this type of isomerism 
due to the interchange of ligands between the cation and anion entities. Some of the examples are : 
[Co(NHJ,][Cr(CN),] and [Cr(NH,),](Co(CN),] 


Ligand isomerism : 

Since many ligands are organic compounds which have possibilities for isomerism, the resulting complexes 
can show isomerism from this source. 

Polymerisation isomerism : 

Considered to be a special case of coordination isomerism, in this the various isomers differ in formula weight 
from one another, so not true isomers in real sense. 


Stereoisomerism 
Geometrical Isomerism 
Geometrical isomerism is common among coordination compounds with coordination numbers 4 and 6. 


Coordination Number Four : 

Tetrahedral Complex : The tetrahedral compounds can not show geometrical isomerism as we all know that 
all four positions are equivalent in tetrahedral geometry. 

Square Planar Complex : 


Cl Cl 
hens Sag 
c NH, NH Na 
CIS— trans— 
Geometrical isomers (cis and trans) of Pt(NH.).CI, . 


5 


(1) 


(1) 
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i 


Short Formula (Chemistry) A Resonance 


Educating for better tomorrow 


Square planar complex of the type Ma,bc (where a,b,c are unidentates) shows two geometrical isomers. 


a b a С 


M M 


cis- trans— 


Square planar complex of the type Mabcd (where a,b,c,d are unidentates) shows three geometrical isomers. 


Coordination Number Six : 
Geometrical isomerism is also possible in octahedral complexes. 


+ 
cl T cl 
Nes | pre NEST. NH, 
мн [М NH | NH, 
NH, С! 
cis— trans— 


Geometrical isomers (cis and trans) of [Co(NH,),CLI° 


Number of possible isomers and the spatial arrangements of the ligands around the central metal ion for the 
specific complexes are given below. 


Complexes containing only unidentate ligands 


(i) Ma,b, - 2 ; (ii) Ma,bc - 2 
(ш) Ma,b, 
Compounds containing bidentate ligand and unidentate ligands. 
(i) M(AA)a,b — Two geometrical isomers are possible. 
b a 
A a A & 
M 
A A b 
Я а 
рта ата 


(ii) М(АА)а,р, – Three geometrical isomers are possible. 
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а b 
A b A a A a 
M 
A b A b A a 
a b b 
aTa ать bTb 
Note: With [M(AA)b,], only one form is possible. M(AA)abcd have six geometrical isomers. 
(iii) M(AA),O, - Two geometrical isomers are possible. 
е NP 9 i Ну 
ME qi EN 
Po a 
en 


Geometrical isomers (cis and trans) of [CoCI,(en),] 


Optical Isomerism : 
A coordination compound which can rotate the plane of polarised light is said to be optically active. 


Octahedral complex : 
Optical isomerism is common in octahedral complexes involving didentate ligands. For example, [Co(en),]* 
has d and 7 forms as given below. 


і 
ех EN 
3+ | 3+ 
D | oe 
i 
i 
і 
7N (C 
en ! en 
dextro mirror laevo 


d and £ of [Co(en),]** 
Square planar complex : 
Square planar complexes are rarely found to show the optical isomerism. The plane formed by the four 
ligating atoms and the metal ion is considered to be a mirror plane and thus prevents the possibility of 
chirality. 


Organometallic compounds 
Metal Carbonyls : 


Compounds of metals with CO as а ligand are called metal carbonyls. 
They are of two types. 


(a) Monomeric : Those metal carbonyls which contain only one metal atom per molecule are called monomeric 
carbonyls. For examples :[Ni(CO),] (sp?, tetrahedral) ; [Fe(CO);] (dsp?, trigonal bipyramidal). 


(b) Polymeric : Those metal carbonyls which contain two or more than two metal atoms per molecule and they 
have metal-metal bonds are called polymeric carbonyl. For example : Мп, (СО). Со,(СО),, etc. 


| : 
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The M — C x bond is formed by the donation of a pair of electrons from a filled d orbital of metal into the vacant 
antibonding т* orbital of carbon monoxide. Thus carbon monoxide acts as o donor (OC — M) and a x acceptor 
(OC « M), with the two interactions creating a synergic effect which strengthens the bond between CO and 
the metal as shown in figure. 


Synergic bonding 
Sigma (c) bonded organometallic compounds : 
(a) Grignard’s Reagent R - Mg - X where R is a alkyl or aryl group and X is halogen. 
(0) (CH3, Sn, (C;H3), Pb, Al, (CH3)g, Al, (С.Н) etc. 


Pie (n)-bonded organometallic compounds : 
These are the compounds of metal with alkenes, alkynes, benzene and other ring compounds. 


H HI 
b Q 20 
д, 
Zeise's salt: K [PtCl, (n? - C,H,)] a a, K D 
d TBP 
хн H 


Ferrocene and bis(benzene)chromium : 


| 


Fe (n? —С„Н,)„ and Cr (n8 - CS H9, Cr 


METALLURGY 


The compound of a metal found in nature is called a mineral. The minerals from which metal can be economically 
and conveniently extracted are called ores. An ore is usually contaminated with earthy or undesired materials 
known as gangue. 


(a) Native ores contain the metal in free state. Silver, gold, platinum etc, occur as native ores. 
(b) Oxidised ores consist of oxides or oxysalts (e.g. carbonates, phosphates, sulphates and silicates ) of metals. 
(c) Sulphurised ores consist of sulphides of metals like iron, lead, zinc, mercury etc. 


(d) Halide ores consist of halides of metals. 


_ Short Formula (Chemistry) A Resonance 


Educating for better tomorrow 


2CuCO,.Cu(OH); 
KCI.MgCl, 6H,O (КМОСІ, .6H;O) 
MgSO, 7Н„О 


Metallurgy : 


The scientific and technological process used for the extraction/isolation of the metal from its ore is called as 
metallurgy. 


The isolation and extraction of metals from their ores involve the following major steps: 


(A) Crushing and Grinding : The ore is first crushed by jaw crushers and ground to a powder. 


(B) Concentration : 
The removal of unwanted useless impurities from the ore is called dressing, concentration or benefaction 
of ore. 
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(i) Hydraulic washing or Gravity separation or Levigation method : 

It is based on the difference in the densities of the gangue and ore particles. This method is generally used for 
the concentration of oxide and native ores. 

(ii) Electromagnetic separation : 

It is based on differences in magnetic properties of the ore components. Chromite ore(FeO.Cr,O,) is separated 
from non-magnetic silicious impurities and cassiterite ore(SnO,) is separated from magnetic Wolframite (Ремо, 
+ MnWO,). 

(iii) Froth floatation process. This method is commonly used for the concentration of the low grade sulphide 
ores like galena, PbS (ore of Pb) ; copper pyrites Cu, S.Fe,S, or CuFeS, (ore of copper) ; zinc blende, ZnS (ore 
of zinc) etc., and is based on the fact that gangue and ore particles have different degree of wettability with 
water and pine oil; the gangue particles are preferentially wetted by water while the ore particles are wetted by 
oil. In this process one or more chemical frothing agents are added. 


(iv) Leaching : Leaching is often used if the ore is soluble in some suitable solvent, e.g, acids, bases and 
suitable chemical reagents. 


Extraction of crude metal from concentrated ore : 
The isolation of metals from concentrated ore involves two major steps as given below. 


Conversion to oxide : 


Calcination. It is a process of heating the concentrated ore strongly in a limited supply of airorin the absence 
of air. The process of calcination brings about the following changes : 

(a) The carbonate ore gets decomposed to form the oxide of the metal. 

(b) Water of crystallisation present in the hydrated oxide ore gets lost as moisture. 

(c) Organic matter, if present in the ore, gets expelled and the ore becomes porous. Volatile impurities are 
removed. 

Roasting. It is a process of heating the concentrated ore (generally sulphide ore) strongly in the excess of air 
or O, below its melting point. Roasting is an exothermic process once started it does not require additional 
heating. 

Smelting : 

Slag formation : In many extraction processes, an oxide is added deliberately to combine with other impurities 
and form a stable molten phase immiscible with molten metal called a slag. The process is termed smelting. 
The principle of slag formation is essentially the following : 


Nonmetal oxide (acidic oxide) + Metal oxide (basic oxide) ——> Fusible (easily melted) slag 
Removal of unwanted basic and acidic oxides: For example, FeO is the impurity in extraction of Cu from copper 
pyrite. 

2CuFeS,* 40, —> Cu,S+2FeO + 350, 

Cu,S + FeO + SiO, — FeSiO, (Fusiblesleg) + Си,5 (matte) 


— —— 
(roasted pyrite) (upper layer) (lower layer) 


Matte also contains a very small amount of iron(II) sulphide. 

To remove unwanted acidic impurities like sand and P,O, smelting is done in the presence of limestone. 
CaCO,—— сао + CO, 
Сао + SiO, —— CaSiO, (fusible slag) 
6CaO + P,O,, —> 2Ca,(PO,), (fusible slag - Thomas slag) 

Reduction of a metal oxide : 

The free metal is obtained by reduction of a compound, using either a chemical reducing agent or electrolysis. 
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Chemical reduction method : 
Reduction with carbon : 


PbO + C — Pb + CO (extraction of lead) 
Reduction with CO : In some cases CO producediin the furnace itself is used as a reducing agent. 


Fe,O, + 3CO — 2Fe + ЗСО, 


Reduction by other metals : 
Metallic oxides (Cr and Mn) can be reduced by a highly electropositive metal such as aluminium that liberates 
a large amount of energy (1675 kJ/mol) on oxidation to Al,O,. The process is known as Goldschmidt or 
aluminothermic process and the reaction is known as thermite reaction. 

Cr,O, + Al > 2Cr (£) + ALO, 
Magnesium reduction method : Magnesium is used in similar way to reduce oxides. In certain cases where 
the oxide is too stable to reduce, electropositive metals are used to reduce halides. 


ТІСІ, + 2 Mg —S9!precess ‚ Tj + 2 MgCl, 
1000—1150?C 


ТІСІ, + 4Ма — 12790855, Ti+ 4 NaCl 
Self-reduction method : 
This method is also called auto-reduction method or air reduction method. If the sulphide ore of some of the 
less electropositive metals like Hg, Cu, Pb, Sb, etc. are heated in air, a part of these is changed into oxide or 
sulphate then that reacts with the remaining part of the sulphide ore to give its metal and SO,. 

Cu,S + 30, —— 3Cu,O + 2 SO, 

2Си,О + Cu,S —— 6Cu + SO, 
Electrolytic reduction : 
It presents the most powerful method of reduction and gives a very pure product. As it is an expensive method 
compared to chemical methods, it is used either for very reactive metals such as magnesium or aluminum or 
for production of samples of high purity. 


1. In aqueous solution : Electrolysis can be carried out conveniently and cheaply in aqueous solution that the 
products do not react with water. Copper and zinc are obtained by electrolysis of aqueous solution of their 
sulphates. 

2. In fused melts : Aluminum is obtained by electrolysis of a fused mixture of AIO. and cryolite Na. [AIF]. 


Extraction of Aluminium : It involves the following processes 
(a) Purification of bauxite : 


(i) Bayer's Method (ii) Hall's Method (iii) Serpeck's Method 
(used for red bauxite containing Fe,O, апа | (used for red bauxite containing Fe,O,and | (used for white bauxite containing 
silicates as impurities) silicates as impurities) silica as impurities) 


ah 18009C 
190°C Fuse 


ALO,. 2H,O + 2NaOH ———» Al,O,.2H,O + Na,CO, ———> ALO, 3 2H,0 +3C+ N, Electric furnace 


8 atm 
2NaAIO, (soluble) + 3H,O 2NaAIO, (soluble) + CO,+2H,O | 2AIN + ЗСО + 2H,O 
Fe,0, (insoluble) separated as red mud by 2NaAlO, + 3H.O + СО. 60°С, 2AIN + 3H,O — АКОН), + NH, 


filteration solution is diluted with water and 

seeded with freshly prepared AI(OH),. It induces 

the precipitation of AI(OH),. Al(OH), is filtered| 2a1(QH), ЛАЗА ALO, * 3H,O 

leaving behind silicates in solution. i us 2АҚОН), 4264 ALO, + ЗН,О 
NaAIO, + 2H,O > NaOH + Al(OH), 4. 


2АҢОН), —*2*4 + ALO, + 3H,O 


2AKOH),L - Na,CO, | 810: + 2CO > 2CO, + Si 
Silicone volatilises at this temp. 


RUE Р 
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(b) Electrolytic reduction (Hall-Heroult process) : 
2ALO, + ЗС —— 4Al + ЗСО, 


Cathode : AP* (melt) + 3e- —> Al()) 
Anode : C(s) + O> (melt) ——> СО(9) + 2e- 
C(s) + 20% (melt) ——> CO, (g) + 4e- 


Metallurgy of some important metals 


Extraction of iron from ore haematite : 
Reactions involved : 
At 500 — 800 K (lower temperature range in the blast furnace) 


3 Fe O, + CO —— 2Fe,0,+ CO, 
Fe0O0, + CO ——> 3Fe +4 СО, 
Fe,O,* CO ——> 2FeO + CO, 
At 900 — 1500 K (highertemperature range in the blast furnace): 
C * CO, — 2CO; FeO + CO —— Fe + CO, 
Limestone is also decomposed tom CaO which removes silicate impurity of the ore as slag. The slag is in 
molten state and separates out from iron. 
CaCO, ——» Сао + CO, ; CaO + SiO, —— CaSiO, 
Extraction of copper: 
From copper glance / copper pyrite (self reduction) : 
2CuFeS, + 40,—> Cu,S + 2FeO + 350, 
Cu,S + FeO + SiO, —> FeSiO, (fusible slag) + Cu,S (matte) 


2FeS +30, —— 2FeO+2S0, ; FeO+SiO, — FeSiO, 
2Cu,S + 30, —— 2Cu,0+2S80,;  2Cuj0-*Cu,S —> 6Cu+ SO, (self reduction) 


Extraction of lead : 


() ^ 2PbS(s +30, (0) —4> 2PbO (s == 2Pb(/) + CO, (0) 
(i) ^ 3PbS(s 18811", pps (s) + 2PbO (s) — =" зры) + SO, (0) 
air absence of air 


Extraction of zinc from zinc blende : 
The ore is roasted in presence of excess of air at temperature 1200 К. 
2 ZnS + 30, ——> 2ZnO + 250, 


The reduction of zinc oxide is done using coke. 


7пО+С Coke,1673K Zn4 CO 


Extraction of tin from cassiterite : 
The concentrated ore is subjected to the electromagnetic separation to remove magnetic impurity of Wolframite. 
SnO, is reduced to metal using carbon at 1200 — 1300°C in an electric furnace. The product often contains 
traces of Fe, which is removed by blowing airthrough the molten mixture to oxidise FeO which then floats to 
the surface. 

SnO, + 20 — Зп + 2CO 

2Fe + O, —  2FeO 


Extraction of Magnesium : 

From Sea water (Dow's process): 

Sea water contains 0.1396 magnesium as chloride and sulphate. It involves following steps. 
(8) Precipitation of magnesium as magnesium hydroxide by slaked lime. 
(b) Preparation of hexahydrated magnesium chloride. 
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The solution on concentration and crystallisation gives the crystals of MgCl,.6H,O. 
(с) Preparation of anhydrous magnesium chloride. 
(d) Electrolysis of fused anhydrous MgCl, in presence of NaCl. 
MgCl, == Mg* + 2CF 
At cathode: Mg** + 2e- ——> Mg(99% риге); At anode : 2С ——> СІ, + 2е- 


Extraction of gold and silver (MacArthur-Forrest cyanide process) : 

(a) From native ores : Extraction of gold and silver involves leaching the metal with CN-. 
4Au / Ag (s) + 8CN-(aq) + 2H,O(aq) + O,(g) ——> 4[Au/Ag (CN),] (aq) + 40H-(aq) 
2[Au / Ag (СМ) (ад) + Zn(s) ——> 2Au /Ag (5) + [Zn(CN),]* (aq) 


(b) From argentite ore : | 
Ag,S (conc. оге) + 2NaCN A 2AgCN + Na,S. 
4Na,S + 50, + 2H,O —— 2Ма,50, + 4NaOH + 25 
AgCN + NaCN ——- Na[Ag(CN),] (soluble complex) 
2Na[Ag(CN),] + Zn (dust) ——5 2А9 | + Na,[Zn(CN),]. 


Purification or Refining of metals : 

Physical methods : These methods include the following processes : 

(I) Liquation process : This process is used for the purification of the metal, which itself is readily fusible, but 
the impurities present in it are not, used for the purification of Sn and Zn, and for removing Pb from Zn-Ag alloy. 


(II) Fractional distillation process : This process is used to purify those metals which themselves are volatile 
and the impurities in them are nonvolatile and vice-versa. Zn, Cd and Hg are purified by this process. 


(Ш) Zone refining method (Fractional crystallisation method) : This process is used when metals are 
required in very high purity, for specific application. For example pure Si and Ge are used in semiconductors 
Chemical methods : These methods include the following methods : 
(1) OXIDATIVE REFINING : 
This method is usually employed for refining metals like Pb, Ag, Cu, Fe, etc. In this method the molten 
impure metal is subjected to oxidation by various ways. 


(II) POLING PROCESS : 
This process is used for the purification of copper and tin which contains the impurities of their own 
oxides. 
Green wood — Hydrocarbons — CH, 
4CuO + CH, — 4Cu (pure metal) + CO, + 2H,O 


(Ш) ELECTROLYTIC REFINING : 
Some metals such as Cu, Ni, апа А! are refined electrolytically. 


(IV) VAPOR PHASE REFINING : 


(1) Extraction of Nickel (Mond's process) :The sequence of reaction is 
H,O(g) +С —— CO(g) * H, 


Ni(s) + 4 CO(s) __50°С , [Ni(COJ] (9) 
[Ni (CO),](g) — 200°C , Ni * 4CO(g) 


(ii) Van Arkel-De Boer process : 


А ЖС о, А о » 
Impure Ti+ 21, —9-29?* > Til, 140e Ti * 21, 
Tungsten filament 


PT , 
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s-BLOCK ELEMENTS & THEIR COMPOUNDS 


Group 1 of the periodic table consists of the elements : lithium, sodium, potassium, rubidium, caesium and 
francium . 
The elements of Group 2 include beryllium, magnesium, calcium, strontium, barium and radium. 


Hydration Enthalpy : 
The hydration enthalpies of alkali metal ions decrease with increase in ionic sizes.Li* has maximum degree of 
hydration and for this reasons lithium salts are mostly hydrated e.g., LiCl .2H,O 


Physical properties : 

Allthe alkali metal are silvery white, soft and light metals. Because of the larger size, these element have low 
density. The melting and boiling point of the alkali metals are low indicating weak metallic bonding alkali 
metals and their salts impart characteristic colour to an oxidizing flame. 


Violet/ 
Colour [Crimson |Yellow  |Lilac Red 
red violet 


Chemical Properties: 

The alkali metal are highly reactive due to their larger size and low ionization enthalpy. 

© Reactivity towards air: They burn vigorously in oxygen forming oxides. Lithium forms monoxide, sodium 
forms peroxide, the other metals form superoxide. 

О Reducing nature: The alkali metals, are strong reducing agents, lithium being the most and sodium the 
least powerful. 

© Solution in liquid ammonia: The alkali metals dissolve in liquid ammonia giving deep blue solution which 
are conducting in nature. 


M+ (x + y) NH, ——? [M(NH,), ]' + [e(NH,) 1 
The blue colour of the solution is due to the ammoniated electron and the solutions is paramagnetic. 


M*(am) + e-+ NH, (0) —27-812"9"9 . MINH, (am) + 1/2 H (g) 


In concentrated solution, the blue colour changes to bronze colour and becomes, diamagnetic. 


ANOMALOUS PROPERTIES OF LITHIUM 

(i) exceptionally small size of its atom and ion, and (ii) high polarising power (i.e., charge/ radius ratio ). 

The similarity between lithium and magnesium is particularly striking and arises because of their similar size: 
atomic radii, Li = 152 pm, Mg = 160 pm; ionic radii : Lit = 76 pm, Mg” = 72 pm. 


GROUP 2 ELEMENTS : ALKALINE EARTH METALS 


The first element beryllium differs from the rest of the member and shows diagonal relationship to aluminium. 


Hydration Enthalpies 

Hydration enthalpies of alkaline earth metal ions. Ве? > Mg?* > Ca?* > Sr* > Ba?*. The hydration enthalpies of 
alkaline earth metal ions are larger than those of alkali metal ions. Thus, compounds of alkaline earth metals 
аге more extensively hydrated than those of alkali metals , e.g., MgCl, and CaCl, exist as MgCl, .6H,O and 
CaCl,. 6H,O while NaCl and KCI do not form such hydrates. 


Physical Properties 

The alkaline earth metals, in general, are silvery white, lustrous and relatively soft but harder than the alkali 
metals. The melting and boiling point of these metals are higher due to smaller sizes. Because of the low 
ionisation enthalpies they are strongly electropositive in nature. The electrons in beryllium and magnesium are 
too strongly bound to get excited by flame. Hence these elements do not impart any colourto the flame. 
Calcium, strontium and barium impart characteristic colour to the flame. 
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Colour sat Crimson| Apple 
ae Eun green 


Chemical Properties 
O Reactivity towards air and water : Beryllium and magnesium are inert to oxygen and water. Magnesium 


is more electropositive and bums with dazzling brilliance in air to give MgO and Mg.N, .Calcium, strontium and 
barium are readily attacked by air to form the oxide and nitride. 


© Reducing nature : The alkaline earth metals are strong reducing agent. This is indicated by large negative 
value of their reduction potentials. 


© Solution in liquid ammonia: The alkaline earth metals dissolve in liquid ammonia to give deep blue black 
solution forming ammoniated ions. 
M + (x + y) NH, > [M(NH,) F* + 2 [e(NH,), T 
From these solutions, the ammoniates, [M(NH,),]** can be recovered. 
ANOMALOUS BEHAVIOUR OF BERYLLIUM 


Beryllium the first member of the Group 2 metals, shows anomalous behaviour as compared to 
magnesium and rest of the members. Further, it shows diagonal relationship to aluminium. 


Diagonal Relationship between Beryllium and Aluminium 
The ionic radius of Be?' is estimated to be 31 pm; the charge/radius ratio is nearly the same as that of 
the AP* ion. Hence beryllium resembles aluminium in some ways. 


Compounds of s-block elements : 
Sodium Oxide (Na,O) : 


A IO, (limited amount ) 


above 400°C 


Sodium peroxide (Na. O,) : 


c 
© 
= 
5 
3 
a 
E 
б 
o 


Na, MNO, 
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Potassium Super oxide (КО,): 


H,O, + О, + KOH 


NaEQ, + H, 


Electrolysis 


(E = amphoteric elements Al, Pb, Sn or Zn) 


NaNO, + NaNO, 


Na,CO, 


^ Na,SO, 


NaH,PO, * PH, 
hot X, 


pressure 


Xt-XO 


Sodium Carbonate (Na,CO,.) : 


NH, + CO, * HO NHHco,]- Nae! 


DR Re 


sonance 
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Potassium sulphate (K,SO,) : 


ag AL (SO, 


Alum 


Quick Lime, Slaked Lime and Lime Water : 


° HO 
Limestone —1000°C , Quick lime —— Slaked lime 


(CaCO;) (СаО) [Са(Он).] 


Suspension «———— Suspended in water 


(Milk of lime) у 
Ca(OH), [Finer 
Clear solution 
(Lime water) 
Ca(OH), 
H,O 
+ Coke Heated in electric Weer Chy Acetylene 
Cac 
furnace at 2000°C aN H,O 
(CaO + 3C > CaC, + СО) CaCN, + C ,—— —* NH, 
Ammonium s Nitrolim 
compounds NH Ammonia) (Fertilizer) 
Milk of lime (white washing) 
HO Lime water (for the detection of CO,) 
СаО ——» Ca(OH), CL ET К 
Quick lime Slaked васппе:ромсег 
| lime Na,CO, 
Slaking with NaOH(Caustic-soda) 
NaOH solution SiO 
: 1Part+3 or 4parts water 
Sodalime Slaked Silica 
(A mixtureof Ca(OH), and NaOH) lime 
good absorbent for number of gases Mortar 


(Building material) 
3Ca(OH), + 2Cl, ——> Ca(OCl),. Ca(OH),. CaCl,. 2H,O (bleaching powder). 
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p-BLOCK ELEMENTS & THEIR COMPOUNDS 
TRENDS IN PROPERTIES OF p-BLOCK ELEMENTS. 


Electronegativity, 
ionization enthalpy, 
oxidizing power. 


Covalent radius, 
van der Waals' radius, 
metallic character 


Electronegativity, 
enthalpy of atomization 
(except for №, О», Ез), 
ionization enthalpy, 
oxidizing power. 


Covalent radius, 

van der Waals' radius, 
enthalpy of atomization 
(upto group 14), 
metallic character 


(A) GROUP 13 ELEMENTS : THE BORON FAMILY 


Oxidation state and trends in chemical reactivity : 
General Oxidation State =+ 3. 
Reactivity towards acids and alkalies 
2 Al(s) + 6 HCl(aq) ——> 2AI* (aq) + 6 Сад) + 3 H,(g) 
2Al(s) + 2NaOH (aq) + 6H,0 (1) ——> 2Ма* [АІ(ОН) Д (ад) + 3H,(g) 
Sodium tetrahydroxoaluminate (111) 
Reactivity towards halogens 
2E(s) + 3X, (g) ^ 2EX, (s) (X =F, CI Br, 1) 


BORON (B): 
Some Important Reactions of Boron and its compounds : 


H,BO, * NO, 
e 


N 


2 
(white heat) 
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ВОО f o go, (Nees NaBO, | 


HBO, + NaOH ж, 


NaCl + H,BO, 


NaBO, + B,O, 
Cuo.) CuO, A {BN} called inarganic 
Uh raphite 
| (blue bead) 3 
но | "c = 
ног+гв(0н)— —] ago, 06 >| Hao, Неї Ы во, 
8 
3 40: 
в л 
т ЙЕ" HPO, 


"os" 
= 
e 
Ys 
ba 
% 
3 
5 


150°C, 750 atm 
Al, Н, 


B,N,H, (borazine) 
Q Small amines such as NH,, CH,NH, and (CH,),NH give unsymmetrical cleavage of diborane. 
Вн, T 2NH, [H.B (NHj.]* * [BH 
Q Large amines such as (CH,),N and pyridine give symmetrical cleavage of diborane. 


2(CH,),N + B,H, ——> 2H,B €—— N(CH), 


О B H, +2CO 200°: 20 2m _, 5BH со (borane carbonyl) 


(B) GROUP 14 ELEMENTS : THE CARBON FAMILY 
Carbon (C), silicon (Si), germanium (Ge), tin (Sn) and lead (Pb) are the members of group 14. 
Electronic Configuration = ns? np. 


Oxidation states and trends in chemical reactivity 
Common oxidation states = +4 and +2. Carbon also exhibits negative oxidation states. In heavier members the 
tendency to show +2 oxidation state increases in the sequence Ge < Sn < Pb. 


(i) 


(ii) 


(iii) 
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Reactivity towards oxygen : 
All members when heated in oxygen form oxides. There are mainly two types of oxides, i.e. monoxide and 
dioxide of formula MO and MO, respectively. 


Reactivity towards water : 
Tin decomposes steam to form dioxide and dihydrogen gas. 


Reactivity towards halogen : 
These elements can form halides of formula MX, and MX, (where X = F, CI Br, I). Stability of dihalides increases 
down the group. 


ANOMALOUS BEHAVIOUR OF CARBON : 


Catenation : 
The order of catenation is C > > Si > Ge ~ Sn. Lead does not show catenation. Due to the property of 
catenation and pr-pr bonds formation, carbon is able to show allotropic forms. 


Bond Bond enthalpy (kJ mol") Bond Bond enthalpy (kJ mol") 
c—c 348 Si—Si 297 
Ge—Ge 260 Sn—Sn 240 


Allotropes of Carbon 
Diamond: 
Crystalline lattice sp? hybridisation and linked to four other carbon atoms by using hybridised orbitals in 


tetrahedral manner. The С—С bond length is 154 pm. and produces a rigid three dimensional network of carbon 
atoms. 


Graphite : 

Graphite has layered structure. Layers are held by van der Waal’s forces and distance between two layers is 
340 pm. Each layer is composed of planar hexagonal rings of carbon atoms. C – C bond length within the layer 
is 141.5 pm. Each carbon atom in hexagonal ring undergoes sp? hybridisation graphite conducts electricity 
along the sheet. Graphite cleaves easily between the layers and therefore, it is very soft and slippery. Forthis 
reason graphite is used as a dry lubricant in machines running at high temperature. 


Fullerenes : 


C,, molecule has a shape like soccer ball and called Buckminsterfullerene. It contains twenty six -membered 
rings and twelve five membered rings. This ball shaped molecule has 60 vertices and each one is occupied by 
one carbon atom and it also contains both single and double bonds with C — C distance of 143.5 pm and 138.3 
pm respectively. 


SOME IMPORTANT REACTIONS OF CO, CO, AND METAL CARBIDES : 


Ct O. (limited) —-—* HCOOH АКОН), + GH, 
- ^ 
l+ CO Fe + CO, t 
, ` C(s} + H,O(g) x 
| NH. л AOH) CHE у= Са(ОН), + C.H, 
CaCco— e NH,CONH.(urea) 

= 

з 

O 


М 
моон), + CH,-C = CH 


H,CO——* HCO; —* COF 


(A) 


(B) 


(С) 


(D) 


(E) 
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CLASSIFICATION OF SILICATES : 


Orthosilicat bd | x ANS 
osilicates : Z N к EM 
i B 
m rd 


Pyrosilicate : FNN 
e ым 


Cyclic silicates : 77 | L [ 
d STS —P 


M е NIA 
-D 
SLOS SiO. 
i | 
D N N 
о ee SS L = О 


Chain silicates : 


AA, Y Y S 
Y yy LN Д2 


Two dimensional sheet silicates : 
In such silicates, three oxygen atoms of each tetrahedral are shared with adjacent SiO,* tetrahedrals. Such 
sharing forms two dimension sheet structure with general formula (Si,O,) ?"- 


Three dimenstional sheet silicates : 
These silicates involve all four oxygen atom in sharing with adjacent SiO,“ tetrahedral units. 
SILICONES : 


8 Silicones сап be prepared from the following types of compounds only. 
(i) R,SiCI (ii) R,SiCI, (iii) RSiCI, 
8 Silicones from the hydrolysis of (CH,), SiCI 
CH, CH, CH, CH, 
2 (CH,), SiC] —"20_, 2(CH,), Si (OH) — CH;—Si—OH + HO | CH, — HO, CH; 1 Oo 1 CH, 
m m CH, CH, 


ut Silicones from the hydrolysis of a mixture of (CH). SiCI & (CH), SiCI, 


Doom 
CH;—Si-1T-O—Si—O 4- Si — CH, 


CH; CH, CH, 


n 
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87 When a compound like CH.SiCl, undergoes hydrolysis, a complex cross-linked polymer is obtained. 
87 The hydrocarbon layer along the silicon-oxygen chain makes silicones water-repellent. 


COMPOUNDS OF LEAD: 


сд Pb(OH), PbCO, + HCI 
“GO (basic lead carbonate) 


PbCrO, + (Yellow) 


РЫ, (Yellow) 


Pb(NO,), + PbO, 
PbSO, + H,O + O, 


Pb(NO,), + 1/20, + H,O РЫС, + Н.о +С, |^ 


PbO + МО, +0, 


[РЫ(ОН), 


COMPOUNDS OF TIN: 


Snso, 


(ОН) on 2H Sn2 


Sn(OH)C| [SnCl] ^ [H,SnCl] Sn(OH), 


(C) GROUP 15 ELEMENTS : THE NITROGEN FAMILY 
Electronic Configuration : ns? пр? 


Atomic and lonic Radii : Covalent and ionic (in a particular state) radii increase in size down the group. 


Physical Properties: 

All the elements of this group are polyatomic. Metallic character increases down the group. The boiling points 
, in general , increase from top to bottom in the group but the melting point increases upto arsenic and then 
decreases upto bismuth. Except nitrogen , all the elements show allotropy. 
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Chemical Properties : 

Oxidation States and trends in a chemical reactivity : 

The common oxidation states of these elements аге —3, +3 апа +5. The stability of +5 oxidation state decreases 
and that of +3 state increases (due to inert pair effect) down the group ; Ві > Sb* > As**; Bi** < Sb* < As* 
Nitrogen exhibits +1, +2, +4 oxidation states also when it reacts with oxygen. 


Anomalous properties of nitrogen : 

(i) The stability of hydrides decreases from NH, to BiH, which can be observed from their bond dissociation 
enthalpy. Consequently , the reducing character of the hydrides increases. Basicity also decreases in the 
order NH, > PH, > AsH, > SbH, > BiH,. 

PROPERTIES OF HYDRIDES OF GROUP 15 ELEMENTS 


(E — Н) Distance / pm 


HEH angle (°) 


(ii) The oxide in the higher oxidation state of the element is more acidic than that of lower oxidation state. Their 
acidic character decreases down the group. The oxides of the type E,O, of nitrogen and phosphorus are purely 
acidic, that of arsenic and antimony amphoteric and those of bismuth is predominantly basic. 


(iii) Nitrogen does not form pentahalide due to non — availability of the d-orbitals in its valence shell. Pentahalides 
are more covalent than trihalides. Halides are hydrolysed in water forming oxyacids or oxychlorides. 
PCI, + H,O —> H,PO, + НСІ; 
SbCl, + H,O -— SbOCI 1 (orange) + 2HCI ; 
ВІСІ, + H,O —> ВІОСІ | (white) + 2HCI 


(iv) These elements react with metals to form their binary compounds exhibiting —3 oxidation state , such as, 
Ca,N, (calcium nitride) Ca,P, (calcium phosphide) and Na,As, (sodium arsenide). 


NITROGEN (N) AND ITS COMPOUNDS : 


NH. NHNO,  —(NH).CrO. 


H,/ Fe 
NH, * 550 atm, 500°C Ba(N,), (pure М) 


CaCO, +NH,< 0. CaCN,+C МО MaN, ——» NH,+Mg(OH), 


(nitrolim) 
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Fe,O.xH,O NELNO, AIN 


(NH,,SO, 
СаО + H,O -» Ca(OH), ;used for drying of NH, 


Oxides of Nitrogen 


Formula | Oxidation state Common methods of Physical appearance and 
of nitrogen preparation chemical nature 


Heat 
Dinitrogen oxide Е мимо,» МО + 2H,0 calouriess gas , neutral 
[Nitrogen(I) oxide ] 


Nitrogen monoxide 2 NaNO, + 2 FeSO, + 3 H,SO, colourless gas , neutral 
[Nitrogen(H) oxide] > Fe,(SO,), + 2 NaHSO, 
(Nitric acid) *2H,0*2NO 


Dinitrogen trioxide Bong 
[Nitrogen(TIT) oxide] А 2 МО + NO, ——s 2 N,O, blue solid , acidic 
(Nitrogen sesquioxide) 


Nitrogen dioxide ; 2 Ph(NO,), -S3É, 4NO, + 2PbO« О] brown gas, acidic 


[Nitrogen(TV) oxide] 


Dinitrogen tetraoxide Й А colourless solid / 
[Nitrogen(IV) oxide] е liquid , acidic 


» colourless solid 
P^ ГИА ` 
Dinitrogen pentoxide ^ TINO + P.O; AHPO TENIS. acidic 


[Nitrogen(IV) oxide] 


NaNO, + NH,CI N, +0 


dil HNO, 
NH,NO, 

NaOH + NH, + NaN, NH,OH NO, = СО), 
(0 H,80, (disproportionate) 3 
ii) distillation E 
qa Ht dilute HNO, 2 

3 B [Fe(H.O,NO]" 

N,O + NO, (brown ring) 
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Cu + HNO, (cone) 
NO, Cl РЫМО,), 
NOF HNO, + HNO, 
A 
NO, + NO + H,O 


Sn (a) dilute NH,NO, 4Sn+10HNO, — 4Sn(NO,),+ NH,NO, + 3H,O 
(b) concentrated NO, Sn+4HNO,>H,Sn0, + 4NO,+H,O 
meta stannic acid 


antimonic acid 


NH, + O, КМО, + H,SO, (conc) 
Ostwald 


Р, |с 


CO, + NO, 


Birkeland-Eyde 


HIO, + NO, 


H,PO, + NO 
PHOSPHORUS (P) AND ITS COMPOUNDS : 


Р.О, Ca(PO, + C + SiO, 


Begins to dissociate 
in to P, molecules 


PH, + 3NaH.PO, 


PS. 


When white phosphorus is heated in the atmosphere of CO, or coal gas at 573 K red phosphorus is produced. 
a-black phosphorus is formed when red phosphorus is heated in a sealed tube at 803 K. В-Ыаск phosphorus 
is prepared by heating white phosphorus at 473 K under high pressure. 

Order of thermodynamic stability of various allotropes of phosphorus : black » red » white 
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Са,Р, 
AIP ES P, + NaOH 
HO т 
o9 
n 
Og Agl + HPO, 
Cu” 
Cul + HPO 
ж CH,CN+HPO, Р, + СО Са (РО, 
Oxoacids of Phosphorus 
Oxidation state of | Characteristic bonds and - 
Мате Formula Preparation 
phosphorus their number 
One P — OH 
Hypophosphorous | H;PO5 +1 Two P -H white P4 + alkali 
OneP-O 
Two P - OH 
Orthophosphorous | H3PO3 +3 One P - H P205 + H20 
One P - о 
Two P - OH 
Pyrophosphorous | H4P205 +3 Two Р-Н РС» + H3PO3 
Two P =O 
Four P — OH 
Hypophosphoric НРО +4 Two Р=О red P, + alkali 
One P -P 
> Three P — OH 
Orthophos phoric HPO, +5 One P=0 P4010 + НО 
Four P — OH 
Pyrophosphoric H4P207 +5 Two Р= О heat phosphoric acid 
One P- O-P 
Three P - OH phosphorus acid + 
Metaphosphoric | (НРО); +5 Three P = о Br, 
Three P -O- P heat in sealed tube 
POCI РОС! 


Phosphorus 
ired or white] 


ROCI 


ee 
Y 
НРО, : 
PO poco, РОСЬ" SO; 
HCI + рос 0 
HCl + H,PO,«—32 


Р.о, РОСІ, 


in solid 
state RCI 


Cl, (excess) 


2HCI + 50,0, + РОС so, ^ * РО 
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(D) GROUP 16 ELEMENTS : THE OXYGEN FAMILY 


(i) 


(ii) 
(iii) 


Electronic Configuration : ns? пр“. 


Atomic and lonic Radii : 

Due to increase in the number of shells , atomic and ionic radii increase from top to bottom in the group. The 
size of oxygen atoms is however, exceptionally small. 

Physical Properties : 

Oxygen and sulphur are non-metal, selenium and tellurium metalloids, whereas polonium is a metal. Polonium 
is radioactive and is short lived (Half-life 13.8 days). The melting and boiling points increase with an increase in 
atomic number down the group. 


Catenation : 

Tendency for catenation decreases down the group. This property is prominently displayed by sulphur (S,). The 
S—S bond is important in biological system and is found in some proteins and enzymes such as cysteine. 
Chemical Properties 

Oxidation states and trends in chemical reactivity : 

Elements of the group exhibit + 2, + 4, + 6 oxidation states but + 4 and + 6 are more common. 


Anomalous behaviour of oxygen : 
The anomalous behaviour of oxygen is due to its small size and high electronegativity. The absence of d 
orbitals in oxygen limits its covalency to four. 


Their acidic character increases from H,O to H,Te. The increase in acidic character can be understood in 
terms of decrease in bond (H-E) dissociation enthalpy down the group. Owing to the decrease in bond (H-E) 
dissociation enthalpy down the group , the thermal stability of hydrides also decreases from H,O to H,Po. All 
the hydrides except water possess reducing property and this property increases from H,S to H,Te. 


PROPERTIES za nei "ES GROUP 16 ао Г 


Peas [э [fs 
Mew | w | | * |-* — 


Reducing property of dioxide decreases from SO, to TeO, ; SO, is reducing while TeO, is an oxidising agent. 
Oxides are generally acidic in nature. 
The stabilities of the halides decrease in the order F > CI > Br > І. Sulphur hexafluoride SF, is exceptionally 
stable for steric reasons. 
The well known monohalides are dimeric in nature, Examples are 5,Р., S,Cl,, S,Br,, Se,Cl, and Se,Br,. These 
dimeric halides undergo disproportionation as given below : 

2Se,Cl, ——> SeCl, + 38e. 
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OXYGEN (O,) AND ITS COMPOUNDS : 


2- Ethyl anthraquinol sulphide ppt sulphide ppt 


(CuS, CdS...As,S,) (ZnS, NIS, MnS, CoS) 
Bad, о, conc. H,SO, or (NH,),SO, 
© 


FeS +H,SO, 
(dil) 


NO,+S 


IFe(CNI.T 


Y 
[Ti(O,).OH.(H,0),F ЕеС„+ 8 КАЈ 
(yellow/orange colouration) S4Mn* C? + 3 


CIO, S40, 


(Cu + H,SO,) 


(conc) 
Cr" (green) 
Н,5+0, М” 
ZnS + О 
1, 
Na,CO 
— NaHSO, 222 5 Na,S0, 
2 4 
А|5 
50, | 
H,S,0, 4 №а,5,0, (hypo) 
(oleum) HCI n 
в —{ ( | )— SOH 
$,0, А 
(по 5—5 bond) , SO4OH)CI 


(chlorosulphuric acid) detergent 


Oxo-acids of Sulphur 


Suplhurous acid series 


H 
(a) H,SO, S (IV) sulphurous acid “Ss=0 
HO 
Sulphuric acid series 
(а) H,SO, S (М) sulphuric acid ын аер 
3 Peroxo acid series 
1 
(а) Н,50, $ (М) peroxomonosulphuric acid e ace 


Caro, acid) 
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} Lead-Chamber 
' Process 


Contact Process — "OU 


кенйнен ибн жайы ЕЕЕ NEN Ems HERE RE. 


| $*0,— 50-472 80, 19, | 


with conc. acid 


Na,SO, 


Na, 5,0, + Nal 


Na,[Ag(S,O,.] (in excess of Na,S,O,) 


[Fe(S,0,),J. E or NaJAg(S,0).] 
(Pink or violet) AgS.O1 Сис 7 (soluble) 
© 
Fe? a| H,O So 
i d Ag, S4. , Na,S,0, 
PERESO $ (black) Cu,8,0,.-7 > Na, [Cu.(8,0..] 


(soluble complex) 


(E) GROUP 17 ELEMENTS : THE HALOGEN FAMILY 
Fluorine, chlorine, bromine, iodine and astatine are members of Group 17. 


Electronic Configuration : ns? np? 


Atomic and lonic Radii 

The halogens have the smallest atomic radii in their respective periods due to maximum effective nuclear 
charge . 

Physical Properties 

Fluorine and chlorine are gases, bromine is a liquid whereas iodine is a solid. Their melting and boiling points 
steadily increase with atomic number. The X-X bond disassociation enthalpies from chlorine onwards show the 
expected trend : CI - CI > Br- Br» Е-Е > 1-1. 
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Chemical Properties 
Oxidation states and trends in chemical reactivity 
All the halogens exhibit —1 oxidation state. However, chlorine, bromine and iodine exhibit + 1, + 3, + 5 and 
+ 7 oxidation states also. 

2F.(g) + 2H,O(£) — 4H* (aq) + 4F- (aq) + О,(9) 

X,(g) + H,O (£) ^ HX(aq) + HOX (aq) ; (where X = Cl or Br) 

4l (aq) + 4H* (aq) + O.(g) > 21, (s) + 2H,O (0) 


MnO, 
conc HCI 


КЕ + НЕ <2 car, 


| KMnO, 


electrolysis NaCl (aqueous or molten) 


K [HF] 
electrolysis | Ç SIF (9) + ©, (9) sehen d m. 
2 or Ма,СО, 2 
O(g) + NaF + H,O Мавы HF + О, Ca(OCh, + CaCl, + H,O HSO, 
distillation 
LYE |К [SbF,] + MnF, 
ЕЗО, оозо,Е К, IMnF.] + SbF 10; | 
2 EA 2 &. 5 T HSO, 10; 
Н, + X, 
4HBr+ O2. 2 Br2 + 2H20 


NaCl + conc H,SO, CaF. + HSO 
a 2 2 4 


S x 
CHF | Na,SiO, (glass) Na [SiF,] 


NaBr ог Nal + H,PO, 

HBr and Hi are strong reducing 
agents and reduce H,SO, to SO, 
and get themselves oxidised tc 
bromine and iodine respectively. 


NaCl + SO, + H,O + О, 


Hargreaves method 


FeCl, + l; 


BrJL* Н.О 


MA 
Nacio, + Nacio 89 CIO NaO, 


CLO, 


P,O; HCI + SO, 


HCIO, footer eo Ba (CIO,), + H,SO, 


Cl, + O, + H,O + 


73% solution 


KCI + KCIO, 


3 2HgG + 201, + H,O —-— Hg. OCI, (Oxychloride of mercury) + 2HCIO 
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Ca(OH), + Cl, (available) 


CaCl, + H,O + Cl, 


о 
D 
o 
E 

4 
E 
o 
+ 
© 

Buipugis uo 


CaCl, +KCHH, O+; 


Ca(ClO,), + CaCl, 


*The composition of bleaching powder is Ca(OCI)2. CaCI2. Ca(OH)2. 2H20. 


AgClO; 20° 2 NaCIO, + SO, + H,SO, 
eee R 
commericial 


(F) GROUP 18 ELEMENTS : (THE ZERO GROUP FAMILY) 


Q 


© 
(ii) 


helium, neon, argon, krypton , xenon and radon . 
Most abundant element in air is Ar. Order of abundance in the air is Ar > Ne > Kr > He > Xe. 


Electronic Configuration : ns?np? 


Atomic Radii 
Atomic radii increase down the group with increase in atomic number. 


Physical properties 

Allthe noble gases are mono-atomic. They are colourless, and tasteless. They are sparingly soluble in water. 
They have very low melting and boiling points because the only type of interatomic interaction in these 
elements is weak dispersion forces,. 


Chemical Properties : 


In general, noble gases are least reactive. Their inertness to chemical reactivity is attributed to the following 
reasons: 


The noble gases except helium (152) have completely filled ns? пр? electronic configuration in their valence shell. 
They have high ionisation enthalpy and more positive electron gain enthalpy. 
The reactivity of noble gases has been investigated occasionally ever since their discovery, but all attempt to 
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force them to react to form the compounds were unsuccessful for quite a few years. In March 1962, Neil 
Bartlett, then at the University of British Columbia, observed the reaction of anoble gas. First , he prepared a 
red compound which is formulated as O,* PiF-. He , then realised that the first ionisation enthalpy of molecular 
oxygen (1175 kJ mol ~’) was almost identical with that xenon (1170 kJ mol-'). He made efforts to prepare same 
type of compound with Xe* PtF. - by mixing Pt F, and Xenon. After this discovery, a number of xenon compounds 
mainly with most electronegative elements like fluorine and oxygen, have been synthesised. 


Q If Helium is compressed and liquified it forms Не(Т) liquid at 4.2 K. This liquid is a normal liquid like any other 
liquid. But if it is further cooled then He(IT) is obtained at 2.2 K, which is known as super fluid, because it is a 
liquid with properties of gases. It climbs through the walls of the container & comes out. It has very high thermal 
conductivity & very low viscosity. 


CLATHERATE COMPOUNDS : 


During the formation of ice Xe atoms will be trapped in the cavities (or cages) formed by the water molecules in 
the crystal structure of ice. Compounds thus obtained are called clatherate compounds. 
Clathrate provides a convenient means of storing radioactive isotopes of Kr and Xe produced in nuclear reactors. 


2:1 
Xe + F, 
ofS 
Neap 
EIE 
[XeF]' [AsF,]^ | Хе + HF 
© 
В СІ, + Xe + HF е 
SF, хе 5 Хе HF 
О, + Xe + HF KF + Xe +1, 
[XeF] [SbF]: Xe +E +O, + HO Xe + ХеО, + HF + O, 
NO, F+ Xe 
С) 
Xe 


[Rb] [XeF,] 


SIF ,+XeOF, HO LXeOF,*HF uo 
Р Ho XeO,F,—-—* XeO, 
IXeFTIEFJ XeF, + О, Е, 


[Cs] [XeF.] 


A 


XeF, + Cs Хе 


d-BLOCK ELEMENTS & THEIR COMPOUNDS 


The general electronic configuration of d-block elements is (n—1) d‘-'° ns?? , where n is the outer most shell. 


General trends in the chemistry of transition elements. 

Metallic character : 
Nearly all the transition elements display typical metallic properties such as high tensile strength, ductility, 
malleability, high thermal and electrical conductivity and metallic lustre. With the exceptions of Zn,Cd, Hg and 
Mn, they have one or more typical metallic structures at normal temperatures. 
The transition elements (with the exception of Zn, Cd and Hg) are very much hard and have low volatility. 


Melting and boiling points : 
The melting and boiling points of the transition series elements are gernerally very high. 
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Density : 

The atomic volumes of the transition elements are low compared with the elements of group 1 and 2. This is 
because the increased nuclear charge is poorly screened the transition metals are high. 


Oxidation states : 
Most of transition elements show variable oxidation states. Participation of inner (n — 1) d-electrons in addition 
to outer ns-electrons because, the energies of the ns and (n — 1) d-subshells are nearly same. 


Different oxidation states of first transition series. 


Outer 
electronic Oxidation states 
configuration 


Om | ee AN 
LN | we | ena  ě | 


Characteristics of Oxides and Some lons of V and Cr 


Oxide/ Behaviour Name of lon Colour of ion 
Hydroxide 


basic | vanadium (1H) violet 
(vanadous) 


basic ` vanadium (ШШ) green 

(vanadic) 

amphoteric oxovanadium (IV) blue 
(vanadyl) 

hypovanadate brown 
(vanadite 

VO. amphoteric dioxovanadium (V yellow 

orthovanadate colourless 


со 7] basic chromium (I) light blue 
COH), 2 (chromous) 


cro basic chromium (1) light blue 
СОН), — (chromous) 
со, 7] amphoteric chromium (HD violet 
Скон), chromic 

chromite green 


CrO,(OH), 
H,Cr,O. 


| acidic chromate yellow 


dichromate orange 
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Standard electrode potentials : 


The value of ionisation enthalpies gives information regarding the thermodynamic stability of the transition 
metal compounds in different oxidation states. Smaller the ionisation enthalpy of the metal, the stable is its 
compound. 


Electrode potentials : 


In addition to ionisation enthalpy, the other factors such as 0.5 
enthalpy of sublimation, hydration enthalpy, ionisation 
enthalpy etc. determine the stability of a particular oxidation 0 
state in solution. 
The overall energy change is 

AH = А, „Н + IE + A, JH 

The smaller the values of total energy change for a particular 

oxidation state in aqueous solution, greater will be the 
stability of that oxidation state. The electrode potentials are 
a measure of total energy change. Qualitative, the stability 
of the transition metal ions in different oxidation states can i Ед ШШ | 
be determined on the basis of electrode potential data. The Ti V Cr Mn Fe Co y Cu ZA 
lower the electrode potential i.e., more negative the standard [7] Observed values 
reduction potential of the electrode, the more stable is the 
oxidation state of the transition metal in the aqueous solution. 


Standard electrode potential 
П 


гю 


© Calculated values 


Thermochemical data (kJ mol") for the first row Transition Elements and the Standard Electrode 
potentials for the Reduction of M" to M 


Element (M)| — AHq (M) AF (MP) 
Ti 


Formation of Coloured lons : 


(i) 


Most of the compounds of transition metals are coloured in the solid form or solution form. The colour of the 
compounds of transition metals may be attributed to the presence of incomplete (n — 1) d-subshell. 


do у d; do p d. 


ћу d-d transition 


—— 
OCC) CX 
d ху d yz d 2X d ху d. d 7х 


The excess of other colours constituting white light are transmitted and the compound appears coloured. The 
observed colour of a substance is always complementary colour of the colour which is absorbed by the substance. 


Magnetic Properties : 


Paramagnetic substances : The substances which are attracted by magnetic field are called paramagnetic 
substances. 
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(ii) Diamagnetic substances : The substances which are repelled by magnetic field are called diamagnetic 


substances. The ‘spin only’ magnetic moment can be calculated from the relation : 
u= ./n(n+2) B.M. 
where n is the number of unpaired electrons and jt is magnetic moment in Bohr magneton (BM) units. 


The paramagnetism first increases in any transition series and than decreases. The maximum paramagnetism 
is observed around the middle of the series (as contains maximum number of unpaired electrons). 


Formation of Interstitial Compounds : 
Transition metals form intersitial compounds with elements such as hydrogen, boron, carbon and nitrogen. 


Catalytic properties : 
Many transition metals and their compounds act as good catalysts for various reactions. Of these, the use of 
Fe, Co, Ni, V, Cr, Mn, Pt, etc. are very common. 

(i) The catalytic property of transition metals is due to their tendency to form reaction intermediates with suitable 
reactants. These intermediates give reaction paths of lower activation energy and, therefore, increase the rate 
of the reaction. 

(ii) In some cases, the transition metal catalysts provide a suitable large surface area for the adsorption of the 
reactant. This increases the concentration of the reactants at the catalyst surface and also weakens the bonds 
in the reactant molecules. Consequently, the activation energy gets lowered. 

(iii) In some cases, the transition metal ions can change their oxidation states and become more effective as 
catalysts. 


Alloy Formation : 
Alloys are hard, have high melting points and are more resistant to corrosion than parent metals. 


d-BLOCK METAL COMPOUNDS : 
1. Hydrated Ferrous Sulphate (FeSO,. 7H.O), Ferric chloride (FeCl, ) and iron (III) oxide (Ее О.) 


Fe(OH)SO, 


H,SO, 
Ее,0, + $0, + SO, 


FeCl,.6H,0 c Fe, 0, 


o HCl (aq) 
| KAFON KFe[Fe(CN)] 
È hl SUI 
Turnbul's blue 
idi +(CH,).C(OCH,), 
dimer) FeCl; eM lt 2 ae 
(dimer) Fe Ch COH: CHOGO Fee eno MnO,/H Мп Ев? 
Сон" 
HCI + FeCl, + 84—88 ae Сг" + Fe 
NO; * conc. H,SO, 4 | 
KCl + FeCL + |, © Fe(SCN), (red colouration) E — [Fe(H,OXNOT" (brown ring) 
(oxidising nature) |" Auch, Au 
+ is ian! 
! : P © Fe [Расму (prussian's blue) 1 
HCI + FeCl, + SO; 5 HgCl, нас, 
e. 
T д К 
Sncl, + Fach, 2 
Fe(CH), ҒеО, (FeO.Fe,0,) + О, 


[Fe(H.OXP" 
(pale violet) 


Ho Na,FeO, (oxidising agent) 


(sodium ferrate) 


NaOH + Fe;O, 
(sodium ferrite) 
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Hydrated copper sulphur (CuSO,, 5Н,О): 


CuO + H,SO, 
Cu + H,SO, + О, 


reducing 


RCHO *OH сопа» property of Cu” 


(white). Си, + l, 


(as Fehling's 


KCN 
K[Cu(CN)] «— EN CuCN + (white) Cu(OH), CuS,0, 4 
(colurless soluble complex) 
| excess NH.(aq) 
[Cu(NH)" eus 
(deep blue colouration) Na,S,0, 


Na,[Cu.(S,O,),] (soluble complex) 


Silver nitrate (AgNO,) : 


[Ag (NH,),JCI (aq) «NES G9) ager Lite; 


O, + Ag + NO, AgNO, + O, 


| Ag.C, V (whit 
Ag,S,O, (white) gC, (white) 


AJ H,O 
Ag KI[Ag(CN)] Ag + H,POJH.AsO, + HNO, 
Ag.S (black) 


Potassium permanganate (KMnO,) : 


OH +МпО, = KMnO] = 
OH *MnO, + KMnO, 


(at anode) 
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MnO, (explosive oil) KMnO, (green) 
if KMnO, is in excess if acid is in excess 


KMnO, + MnO, + О, 
Mn^* О, MnO, + O, (if placed in sunlight) 
Mn^* CO, 
Mn Fe” 
Mn^* SO? 
Mn” + MnO, 
Mn”+ X, 
Mn^* 5 


+ OH (19) 


Baeyer's reagent 


oxidising nature 
Мп” { : 
in alkaline or 


oxidising nature : 
neutral medium 


decolorises(C==C) 
compounds 


IO, *MnO, 3+ Мп, S0,*+MnO, MnO, 


Potassium dichromate (K,CrO,) : 


A | Na,CO, + air 


Na,CrO,(s)* Fe,O,(s) + СОТ 


+H,0 


(NH,),Cr,0, NA+ CrO, + H,O 
(green) 
(NH,),CrO, 


Cr" (green) + 1, CrO, (deep blue in ether) 


Cr (green) + S 


Cr" (green) + Fe’ i J Cold a cone HSO $ conc. H.SO, H,O + KHSO, + CrO, (bringh orange/red) 
Н.50, + SO,+ H,O 


о »[ KSO,Cr,(S0,).24H,0 


chrome alum 


Cr“(green) + SOF 
KCI (s) 
conc. H,SO, 


KCrO; croc, 80h > Na cro, _СНСООН_, beer | (yellow) 


(deep red vapours) (CH,COO),Pb 
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QUALITATIVE ANALYSIS 
Charcoal Cavity Test : 


Observation 


Incrustation or Residue Metallic bead 


Yellow when hot, white when cold None 
Grey bead which 
marks the paper 


No characteristic residue Red beads or scales Cu 
White residue which glows on heating None Ba?*,Ca**, Mg? 
Мопе Nothing definite-generally 
coloured salt 
Cobalt Nitrate Test : 


= feel a 


~ _CelourofFlame э || еее =_= 
Crimson Red / Carmine Red 
Golden yellow 

Мое лас 

Brick red 

Apple Green/Yellowish Green 


Borax Bead test : 


Colour in oxidising flame Colour in reducing flame 


When Hot When Cold When Hot When Cold 
Brown yellow Pale yellow/Yellow Bottle green Bottle green 


Brown when hot, yellow when cold 


Flame test : 
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Analysis of ANIONS (Acidic Radicals) : 
(a) DILUTE SULPHURIC ACID/DILUTE HYDROCHLORIC ACID GROUP : 
1. CARBONATE ION (СО,2-) : 


Dilute H5SO, test : A colourless odourless gas is evolved with brisk effervescence. 
CaCO, + H,SO, ——> Саѕо, + Н,О + СО, 7 


Lime water/Baryta water (Ba(OH),) test : 
CO, + Ca(OH), ——> CaCO, | (milky) + H,O 
CaCO, + CO, + H,O —— Ca(HCO.,), (soluble) А Caco, {+ H,O + CO, 


2. SULPHITE ION (SO?) : 


се? 


Dilute H,SO, test : 
CaSO, + H,SO, ——> CaSO, + H,O + SO, T; SO, has suffocating odour of burning sulphur. 


Acidified potassium dichromate test : The filter paper dipped in acidified K,Cr,O, turns green. 
CrO% + 2H* + 350, ——> 2Cr** (green) + 350,2- + H,O. 


Barium chloride/Strontium chloride solution : 
SO4- + Ba**/Sr?* ——> BaSO,/SrSO, l (white). 


White precipitate dissolves in dilute HCI. BaSO, l*2H* —o Ba + SO, T+ H,O. 


3. SULPHIDE ION (92-) : 


Dilute H,SO, test : Pungent smelling gas like that of rotten egg is obtained. 
S% + 2H* —> H,S ii 
Lead acetate test : (CH,COO),Pb + Н,5 > PbS ~ (black) + 2CH,COOH. 
Sodium nitroprusside test : Purple coloration is obtained. 
S* + [Fe(CN); (NO)]?- ——> [Fe(CN),NOS]* (violet). 
Cadmium carbonate suspension/ Cadmium acetate solution : 
Na,S + CdCO, —— CdS 1 (Yellow) + Na,CO, 


4. NITRITE ION (NO, ): 


Dilute H,SO, test : 
NO, + H* —— HNO, ; (2HNO, —— H,O + N03); 
3HNO, ——> HNO, + 2NO + H,O ; 2NO + О, —— 2NO, T 
Starch iodide test : 
2NO, + 3I + 4CH,COOH —— I, + 2NO T+ 4CH,COO- + 2H,O 
Starch + I7 ——» Blue (starch iodine adsorption complex) 


5. ACETATE ION (CH,COO ) 


Dilute H5SO, test: (CH4COO)4Ca + H;SO, ——> 2CH,COOH (vinegar like smell) + CaSO, 
Neutral ferric chloride test : 


6CH4COO- + 3Fe?: + 2H,O ——> [Fe,(OH),(CH,COO),]* (deep red/ blood red colouration) + 2H* 


[Fe,(OH),(CH,COO),|* + 4H,O —— 8 , 3Fe(OH),CH,COO J (brownish red) + 3CH,COOH + Н“ 


(b) CONC . H,SO, GROUP : 
1. CHLORIDE ION (СГ) E 


e 
ee 


Concentrated H,SO, test : СІ- + Н,50, —— HCI (colourless pungent smelling gas) + HSO,- 
NH,OH + НСІ ——> NH,Cl T (white fumes) + H,O. 

Silver nitrate test : CF- + Agt ——> AgCI J (white) 

White precipitate is soluble in aqueous ammonia and precipitate reappears with HNO . 

AgCI + 2NH,OH ——> [Ag(NH,).]CI (Soluble) + 2Н,О ; [АО(МН,) СІ + 2H* ——> AgCI 1 + 2NH,*. 
Chromyl chloride test : 


UN Р 
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4CF + Cr,0,2 + 6H* (сопс.) ——> 2CrO,Cl, (deep red vapours) + ЗН,О 
CrO,Cl, + 40H ——> CrO,? + 2Cl + 2H,O ; CrOZ- + Pb? ——> PbCrO, 4 (yellow) 


2. BROMIDE ION (Br ): 


e Concentrated H,SO, test: 

2NaBr + H,SO, ——> Na,SO, + 2HBr ; 2HBr + Н,50, —— Вг, Т (reddish-brown) + 2H4O + SO, 
° Silver nitrate test : NaBr + AgNO, ——~ AgBr У (pale yellow) + NaNO, 
сае 


Yellow precipitate is partially soluble in dilute адиеоиѕ ammonia but readily dissolves іп concentrated 
ammonia solution. AgBr + 2NH,OH ——9 [Ag(NH,),] Br + H,O 

ө Chlorine water test (organic layer test) : 

2Br + Cl, —— 2CF + Br, 1. 

Br, + CHCI, / CCl, — Br, dissolve to give reddish brown colour in organic layer. 


3. IODIDE ION (1 ): 


ө Concentrated H,SO, test : 2NaI + H,SO, —— Na,SO, + 2HI 
2HI + H,SO, — I, 7 (pungent smelling dark violet) + 2H,O + SO, 
e Starch paper test : lodides are readily oxidised in acid solution to free iodine; the free iodine may 


than be identified by deep blue colouration produced with starch solution. 
3I- + 2NO, + 4H* —> |, + 2NO T+ 2H,O. 
e Silver nitrate test : Bright yellow precipitate is formed. 
I} +Ag* —— Agl 4 


8 Bright yellow precipitate is insoluble in dilute aqueous ammonia but is partially soluble in concentrated 
ammonia solution. 
e Chlorine water test (organic layer test) : 


2Nal + Cl, ——> 2NaCl +1, 
|, + CHCI, —— l, dissolves to give violet colour in organic layer. 


4. NITRATE ION (NO, ) : 


е Concentrated H,SO, test : Pungent smelling reddish brown vapours are evolved. 
4NO, + 2Н,50, —— 4NO, T+ O, + 2807- + 2H,O 
er Addition of bright copper turnings or paper pellets intensifies the evolution of reddish brown gas. 


2NO, + 4H,SO, + 3Cu ——> 3Cu?' + 2NO T4 450,7 + 4H,O ; 2NO T+ O, —— 2NO, T 
4 C (paper pellet) + 4HNO4 ——> 2Н,О + 4NO, + 4CO,. 
e Brown ring test : 


2NO,- + 4H,SO, + 6Fe?* ——> 6Fe + 2NO | + 48О,2- + 4H,O. 
Fe?' + NO 7 + 5Н,О ——> [Fe!(H,O)4 NO*]?* (brown ring). 
3. Miscellaneous Group : 


1. SULPHATE ION (80,7) : 
° Barium chloride test : Na,SO, + BaCl, ——> BaSO, | (white) + 2NaCI. 


WU White precipitate is insoluble in warm dil. HNO, as well as HCl but moderately soluble in boiling 
concentrated hydrochloric acid. 
ө Lead acetate test : Na,SO, + (CH,COO),Pb ——> PbSO, | (White) + 2CH4COONa 


"et White precipitate soluble in excess of hot ammonium acetate. 
PbSO, + 2CH,COONH, ——> (CH4COO);Pb (soluble) + (NH4)5SO, 


2. PHOSPHATE ION (PO,?- ): 
e Ammonium molybdate test : 


Na, HPO, (aq) + 12(NH,),MoO, + 23HNO, — (NH,),PMo,,O,, 4 (canary yellow) + 2NaNO, + 21NH,NO, + 12H,O 


ey Е 
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1. AMMONIUM ION (NH,*) : 
2NH, + Mn?* + H,O, + H,O ——> MnO(OH), | (brown) + 2NH,* 
Nessler's reagent (Alkaline solution of potassium tetraidomercurate(ll) : 
NH + + 2[Hgl,]* + 40H- ——» HgO Hg (NH,)I 4 (brown) + 71- + 3H,0 
3NH,' + [Co(NO,),]* — (NH,)[Co(NO,),N- (yellow) 
2NH,*+ [Pte ——> (NH,), [PtCIg].. yellow 
NH, + HC,H,O,- ——> NH, НС,Н,О, +, 


I" GROUP (Pb*, Hg,”, Ag?) : 


Original Solution in H,O + dilute HCI(2M) 


r,s? 


White precipitate (AgCI, Hg,Cl, or PbCL). Filtrate, move for II Group 
Dissolve in hot water and filter 


If precipitate doesn't If precipitate dissolves (PbCI.), 
dissolve(Hg,Cl, or AgCI). Divide the solution into three parts 
Add NH,OH 


and shake and filter 


Трай + KI 5 Yellow precipitate N part е ИГраг:+ A H,SO, 
Pbl 
(Pb) Yellow precipitate (PbCrO,) White precipitate (PbSO,) 
soluble in HNO, as wellas in soluble іп ammonium 
| NaOH. acetate. 
Precipitate turns black Третя D HNO; 
(Hg(NH.)CI + Hg). ‚ m 
Dissolve in aquaregia nae "e 
by boiling. Divide into — Precipitate gets g 
three parts(HgCl,). soluble(Ag(NH,),Cl) 
Divide into 3 parts T part + КІ 
{ 
Yellow precipitate 
(Ас!) 
Ш part + KCrO, 
ij 
Brick red/ red precipitate 
(Ag,CrO,) 
I part + SnCl, Прай + KI Ш part + Cu turnings 
4 + 
Grey or Black precipitate Red precipitate (Hgl.) Black precipitate (Hg finely divided). 


(Hg) soluble in excess KI 
forming K,[Hgl] 
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ПА Group (Hg, Pb? Bi**, Cu2*, Cd?) 


f* group filtrate + dil. HCI + H,S (g). 


Precipitate. Filtrate, move for IH” group 


D 


Black precipitate (HgS, PbS, CuS or Bi,S,). Yellow precipitate (CdS). Dissolve 
in 50% HNO, and then add KCN. 


Dissolve precipitate in 50% HNO, and filter. О У 
Colourless solution, [Cd(CN)T . 
Pass H,S(c) 
Filtrate } 
Insoluble (HgS). (Nitrates of Pb, Bi and Cu) Yellow precipitate (CdS). 
Dissolve іп aquaregia + SnCi.,. 
+ 
Black precipitate (Hg) 
Colourless solution of (Pb(NO.), or Bi(NO,),).Add dilute Blue colour solution (Cu(NO,),). 
H,SO, and little C,H,OH (it further decreases the Add ammonia solution. 
solubility of PbSO,) and filter 
| Intense blue colour solution 
| | [Cu(NH,), (NO). Add KCN 
А Я solution in excess 
EU: i Colourless solution of [Cu(CN)]". 
White precipitate of B(OH}. Pass H,S (9). 
paris [РЬ(СН;СОО). Dissolve in dilute HCI and divide i 
it into two parts. ane 
No black precipitate of CuS. 
I part + KI II part + K,CrO, i 1 
р Ñ I part + NaOH + Na,SnO, II part + к of water 


Yellow precipitate Yellow precipitate | 
(РЫ). (РЫСтО,). Black precipitate (Bi). 


White turbidity (BIO CI"). 


IIB Group (As*, Sb*, Sn”, п“) 


Soluble in (NH,),S, as (NH,), AsS, , (NH,), SbS,, 
(NH,),SnS,. 
i 


Add dilute HCI and filter. 


Soluble (SbCl, & SnCl,). 
Divide into two parts. 
{ 


Ша, о. 


Insoluble (As,S, + some 5). 
Dissolve in conc. HNO, 
and divide into two parts. 


Add excess of water. 4 
I part + Ammonium malybdate. TI part + NH,CI + 4 aa dcl 
; m 
NH,OH + MgSO.. White precipitate i 
Yellow precipitate 6 (SbOCI). BI - 
ack or grey precipitate (Hg). 
((NH,), ASO, -12 MoO, ). White precipitate i ена 
((Mg(NH,) AsO,). Add tartaric acid. 
{ 


Precipitate is soluble. 
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Ш Group (AI?, Cr?, Fe?) 


П Group Boiloff |, H s ^ then add conc. HNO, (1-2) drops + NH,Cl (solid) + NH,OH 


Filtrate 


Precipitate. Filtrate, move 
for IV" group. 
If gelatinous white If reddish brown If green 
precipitate (AI(OH),). precipitate (Fe(OH),). precipitate (Cr(OH),). 
Dissolve in dilute Dissolve in dilute Fuse the precipitate with 
HCI (AICI). HCI (FeCL) fusion mixture 
& divide the (КМО, + Na,CO,) 
l solution into two parts. & extract with 
water (Na, CrO,). 
Add sodium Divide solution into two parts. 
hydroxide solution. 
v t 
P part + "5 
White precipitate KIE ae d 
i i [Fe jl А У 
о а FANM ® part + I“ part + Васі, 
precipitant 2 
(NaAIO. ). l | CH.COOH + (CH,COO),Pb 
Prussian blue (aqy Blood red (aq) | 
precipitate of of Fe(SCN),. Yellow precipitate Yellow precipitate 
Fe,[Fe(CN),.. of PbCrO,. of BaCrO,. 


Y 
Add NHCI, and heat 


Gelatinous white precipitate 
of AKOH),. 
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IVth GROUP (Zn2*, Mn?*, Ni?*, Co?*) : 
Ш Group filtrate + NH,OH (excess) & NH,CI , then pass Н,5 


m 


Precipitate Filtrate, 
[ZnS (white), MnS (light pink), NiS (black) or CoS (black)]. move for V" group. 


Y 


Add dilute HCI and shake and filter. 


pM 


Filtrate 
(MnCl, or ZnCL). 
{ 


Black precipitate (CoS ог NiS). 
{ 


Dissalve in aquaregia and А В 
evaporate to dryness. Boil (to remove any H;S dissolved). 


Add Br,/H,O + NaOH and filter. 


| l : | 


Blue residue Yellow residue Black precipitate Filtrate 
(CoCL). (МІСІ,). (МпО,). (Na.Zn0,). 
J l 7 er 
Turns pink in water. Turns green in water. Dissolve in conc. Divide the solution into 
a HNO, and then add two parts. 
| Add diemethylglyoxime PbO, and heat. 
| in ammonical solution. 4 
Violet-red 
I part + NH,OH + II part + Red/Rosy red precipitate (purple colour) 
CH,COOH + KNO,. NH,CNS(solid) ((C,H;N,O,), Ni). solution (HMnO,). 
р + amyl alcohol. 
Yellow precipitate 
(K,[Co(NO,),]). Blue colour in Pass H,S through II part + 
alcahol layer of 1 part. CH,COOH + 
(NH,), [Co (SCN),]. 4 K Fe(CN); 
White precipitate |. 
(ZnS). White precipitate of 


variable composition. 
Add excess of K,[Fe(CN),] 
L 


Precipitate of composition 
Zn, k, [Fe (CN). 
V'^ Group (Ba, Sr**, Ca?) : 
IV Group filtrate ——~ Boil off H,S then add (NH,),CO, (aq), NH,OH & NH,CI (s) 


White precipitate Filtrate, 
(BaCO,, SrCO, or CaCO). move for VI group. 


X 
Dissolve in CH,COOH and divide into three parts 
and test in the sequence given below. 


| part * ing: II Part + PRISH IIl part МН е, 

Yellow precipitate White precipitate White precipitate 
(BaCro, insoluble in CH,COOH). (SrSO). (сас, O,). 
vith GROUP: 


MAGNESIUM ION (М92°) : 
Mg% + NH, + HPO4?- ——> Mg(NH,)PO, (white) 
5 Mg% +6 СО,2- + 7 HjO — 2 Mgco,, Mg(Oh),. 5 H,O {+ 2нСо,- 
Titan Yelllow (a water soluble yellow dyestuff) : It is adsorbed by Mg(OH), producing a deep red colour or precipitate. 
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1. Alkane - 


Wurtz reaction : 
e.g., R'X + R*X + 2Na—> R'— R? + 2NaX 


Decarboxylation : 


: + 
General reaction RCOONa _ H > R-H + Na,CO, 
Co _ Z9 
\ а Е, р 
Mechanism к-с ——› К +С H R-H 
Xo No RM 


{ден + ase 


РА + - 
R-Cy э H+R-Cy —> H + Б+ со, э К-Н+ СО, 
е) е 
— 2. Alkyl halide — 
Nucleophilic substitution Reaction (5,1, 52) 
5,1 reaction : R-OH+HX —— R-X*HO (R may rearrange) 
Reactivity of HX: HI > HBr > HCI 
Reactivity of ROH: allyl, benzyl > 3° > 2° > 1° (Carboocation) 
Carbocation formed 
e Ф т? 
Mechanism R -0H Вов д Oe _Х gk 
conc. HBr CH4CHCH; 
e.g. стенен or NaBr, Н.80,> | 
| reflux Br 
OH Isopropyl bromide 
Isopropyl alcohol 
5,2 reaction : Alkylhalide are hydrolysed to alcohol very solwly by water, but rapidly by silver 


oxide suspended in boiling water. 
RX + KOH ——> ROH + KX 


; ӧ- ô- 
Mechanism ug х — HO--R-X —— HO-R«*X- 
a a a 
i From gu | 
HO- + ; es ; +X- 
p/ lN " Ho” |, 


Williamson's synthesis : 
It is the reaction in which sodium or potassium alkoxide is heated with an alkyl halide (S, 2). 
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2А 8— 
RO + R-X S=R"0........R2.......X —9R'OR? + Х (д) 
This method is particularly useful for preparing mixed ethers. 


|» 3. Grignard Reagents : 


R'H+Mg(OH)X , "29 — R'MgX __R?OH , R'H+Mg(OR)X 


The majority of Grignard reactions fall into two groups 


(i) Addition of the Grignard reagent to a compound containing a multiple - bond group e.g. 


P NET та E 
20670;-CzN; SC=8; —N 20; 758-0 


(ii) Double decompsition with compounds containing an active hydrogen atom or a reactive halogen atom. 


2 
він + Mg(OH)X —59— R'Mgx —Е 9" > RIH + Mg(OR2X 


Important chemical synthesis by Grignard reagent 
1. Hydrocarbons : RMgBr + H,O cs RH * Mg(OH)Br 


Ф 
RMgBr + АМН, ана RH + RNHMgBr 
2. Alcohols : 


н}о® 
(a) Primary alcohols — RMgX 2E. RO,Mgx __КМ9Х , 2ROMgX —2——> 2ROH 


OMgX Ho? 
(b) Secondary alcohols В'СНО + R?MgX ——> RCH, х — 3", R'CHOHR? 
R 


| R! RS ,OMgX Hoe RK „OH 

(c) Tertiary alcohols : 20 = о + R3IMgX — вр as Re Nps 
3. Ethers: 

R'OCH,CI + R*MigX ——9 R'OCH,R’ + MgXCI 
4. Aldehydes: 

HS Hs LZ MBA. hoe 
C=O+RMgX—> _ Ур — $~, RCHO 
Ею“ E+O 


5. Ketones : 


H,0® 
R'C (OC, HJ, + R?MgX —> R'R°C (ОС,Н,)х + Mg (OC,H,)x —2——> R'COR? 


H409 H409 
R'CN + R?MgX —> R'R?C = NMgX ——3À——— [R'R?C = NH] —3——— R'COR?+ NH, 


Ketimine 
6. Acids: 
cz? cz? ae 
+ 
RMgX <A —> В Somgx ———> RCO,H 


7. Esters : 
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Cl Cl ,OMgX ® 

N КА но 

С =0 + АМОХ — ‚© ——; RCO, Et 
EtO EtO R 


8. Alkyl Cyanides : 
RMgX + (CN), ——> RCN + Mg(CN)x 


9. Primary amines : 


H,0® 
RMgX + КОМН, ——> RNHMgX + RH + Mg(OCH.)CI —————» RNH, (40-90%) 
RMgX + CINH, ——> RNH, + MgxCl 


-~ . 4.Alkene & купе 
Electrophilic addition reactions : 
Mechanism 
Step 1: Attack of the electrophile on x bond forms a carbocation. 
Siler e 
D СОСОВЕ а 
Е 
+ on the more substituted carbon 
Step 2 : 


Attack by a nucleophile gives the product of addition. 
lO | | 

-6-c$* + Ni —» -C-C- 
Ж. m 
E E Nu 


“> Sin d | | 
e.g. (a) Addition of water e = CL + H,O H? eo 
H OH 


(Markovnikov 
orientation) 


(b) Addition of hydrogen halides (where HX = НСІ, HBr, НІ) 
HX 


? : l| 
R2CSO-R — X> в-сн=сх-к уво 


(Markovnikov addition) | Al 
H X 


_ 5. Aromatic compounds — 
Electrophilic aromatic substitution : 
(a) Bromination of Benzene : Bromination follows the general mechanism for electrophilic aromatic sub- 


stitution. Bromine itself is not sufficiently electrophilic to react with benzene, but a strong Lewis acid such as 
FeBr, catalyzes the reaction. 


Step 1 : Formation of a stronger electrophile. 


SS Lo 8 8 
Вг-Вг: + FeBr, === [ir -6r -FeBr, 
Step 2 : Electrophilic attack and formation of the sigma complex. 


H 
H H Ф Ө 


- 1 f "UU 
‘Br - Вг: FeBr H Br H Br r _ 
AAT т 3 Š ee H Н |+ FeBr, 
H H H H 
H H H H d; H up H 


sigma complex 


96 | Compendium (Chemistry) A Resonance 


Educating for better tomorrow 


Step :2 Loss of a proton gives the products. 


| | вг eB i | Br 
=y + HBr + FeBr, 
H yo H H 4H 
bromobenzene 


reactants T.S 


Br FeBr, 


intemediate 
|-10.8 kcal/mol 


products Br + HBr 


+ FeBr, 


reaction coordinate —— — —» 


(b) Nitration 
HO - NO, ВАЗЕ Ad: NO, Wee: H4O? + HSO?«9NO, 
(GT + м _Electrophilic | (Gy we? es 
2 —> 
nitronium ion О айак” ues 


(m-complex) 
tu complex) 


NO, — н 
Ht + OT <—— С. <> (Koo. 
Nitrobenzene 7 ® р 


The electrophilic reagent, SO,, attacks the benzene ring to form the intermediate carbocation. 


(c) Sulphonation : 


2H,SO, <> SO, + Н,0® + uso? 


O 
~il H (fe H QryH P SO.H 
IR Qe Оа Borat O 


(d) Friedel Craft reaction : 


Alkylation mechanism 


д “ ó* 8ё- 
() R-i + Alc, —> R —CI—AICl, —> R®+ АС? 


carbocation 
R 
(i) (gj e = ex 


c-complex 
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R R 
(iii) ex + AlCl; > Gr. HCI * AICI, 


Acylation mechanism 
Acylation of benzene may be brought about with acid chlorides or anhydrides in presence of Lewis acids. 


Step 1: Formation of an acylium ion. 


О: 
E n" ll e e eo . e 
R-C-Cl + AIC, > R-C-CI-AICI, ==> ср + ІК-С=0 = R-C-0] 
acylchloride o acylium ion 
Step 2 : electrophilic attack. 
О С Oy = 

i || 

e exe 
A | Cee 
R n H 


sigma complex 


Step 3 : Loss of a proton. Complexation of the product. 


О 
EN O z || 
|| е. е CN 
Cx. | б1-АС, R 
| H _| acylbenzene 
sigma complex 
i E ane 
, CH,-C-G (1) AICI, 
,-C- — M 
eM CH,CH, | (2) H,O 
ethylbenzene acetyl chloride CH,CH. 


p-ethyl-acetophenone 
(70 — 80%) 


Note : Friedal - Crafts acylations are generally free from rearrangements and multiple substitution. They do 
not go on strongly deactivated rings. 


сосн, 
e.g. © + CH,COC| 4 5 (f. HCI 
Acetophenone 
Chemical Reactions of Benzene : 
Conc. HNO, NO; 
HO, ` + HO 
Cone. HS0, +80; - ЗОН 
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Gb 
— 


FeCl; 


RCI 
AICI, 


© — RCOCI 


AICI 
C.H, 3 


+ 
0+/0,0 

HNO, 
— ~; 


АХ" 
————À 


Nucleophilic Aromatic Substitution : 


C 
© + HCI 
R 
O + HCI 
о 
l 
N 
© R + Hg 
D 


A Resonance 
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Friedel-Crafts alkylation 


Friedel-Crafts acylation 


The reaction is second-order in which nucleophilic sbustitution occurs on benzene ring. It is generally 
accepted that the reaction proceeds via an intermediate o-complex, the benzenonium carbanion (or the 


pentadienyl anion), e.g., 


КЧ č- 
cl с. 9H Cl. OH Cl. ОН " 
OH + ðO slow ey LI fast o + CF 
1. 2. 3. 
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_ 6. Chemical Reactions of Phenol _ 


OH 


(ArOH) 


NaOH & Na.CO, 


C,H,ONa 
CH,COOH & CH,COCI 
CH,COOC,H. 
(CH.CO).O 
Ф 
C,H-COOH/H сд 
Zn/A 
> CH, 
CHN, 
> C,H.OCH, 
NHJ/ZnCl, 
C,H.NH, 
NaOH CHJ 
ыр а C,H-OCH, 


PCI. 
C,H.Cl + POCI, + HCI 


NaOH / C,H 


> C,H,OC.H, 
C,H,SO.CI 
(Hinsberg reagent) > С,Н,5О,ОС,Н, 
Brz, water. > 2, 4, 6 tribromophenol 
il. HN 
d On. o & p nitrophenol 
HNO,/ H,SO, 


2, 4, 6 trinitrophenol (minor) + [Major is oxidative 


HNO,/H,SO cleavage] 
+++ p-nitroso phenol 


COCH, 
(1) CH,COCI 
(2) D > OH+Para product 
SOH 
H,SO, 
HO,S OH 
D OH (i) CHO SHA 
oe HO-{C))-C0.0H -S Bakelite 
COOH 
фон . HCl |. С T 
(ii) CO, 
HCN/HCI H' 
АС, он-(О))-сно 
CHCL/KOH 


Salicylaldehyde 


Pthalic anhydride 
H,SO/A 


» Phenophthaline 


H H 
CH.COCI, — AICI, © д Ona 


COCH, 


CHCI, / Маон / D H-O 
a лыны мы 


——“——  Salicylaidehyde 


(i) OH (i) CHN.CI | Q- Nen-~O)-0H 


Ni/3H, : CM of 
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Reimer-Tiemann reaction : 


The reaction is conversion of phenol to salicylaldehyde. The mechanism of the Reimer-Tiemann reaction is 
believed to involve the formation of dichloromethylene. 


oC, CHCI, CHO 
OH OH H6 Cur QUE 


Kolbe Reaction : 


It is the industrial method of preparation of salicylic acid from phenol. 


OH ONa 
OH 
General reaction : . NaOH , 
COOH 
COONa 
CoO О 
“= he (С) O8. - OE 
echanism —> — - 
с? uo CO, COOH 


X 
O 


— 7. Chemical reactions of aniline - 


Sandmyer's Reaction : 


When a diazonium salt solution is run into a solution of cuprous halide dissolved in the corresponding 
halogen acid, the diazo-group is replaced by a halogen atom. 
m — Chloronitrobenzene 


МОГ 


on —'=© ON CuCI/HCI MON (68 — 71%) 


p — Bromotoluene 


С 


H, CH, 
NaNO, CuBr /HBr 
^ Hso, / © е (70 — 7396) 
NH, 


МНО, 
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NH, 


Q 


Aniline 
C,H.NH, 


A Resonance 


Educating for better tomorrow 


HC! , IGgHsNH3ICI- 


И 

HS0, [C6H5 NH3]2507F 
+ 

HAuCls , (CgHeNH3]AuCl 


+ 
ЊРІСІБ | [CGHSNHs]PICIZ- 


i 
CST G HNH(CH) Cl, CeHSNCHs)sI 
-HI -HI 

CH;COC! , © H NHCOCH, 

CeHsCOCI , 6 H NHCOC,H, 


C.H-MgBr 
2 L5 Ig CH, 
C,H.SO,Cl 
650-2 C.H, - SO, - NH - C,H; 
COCL 


5 


СИЕ S NH 


CS3; C,H, - NH- C -NH - C,H, 
|| 
$ 
CS;HCl , cu _м=б=6 
Bo 75: 
e o 
Ма , C.H.NHNa 
C,H-CHO 2 
615 C,H,CH = N-C,H, 
NaNO/HCl Gung) 
O-5* 61514 
Ni/H, СКЦ, 
№а,Сг,О, КОТ 
H,SO, Aniline black 
М№а,Сг,О, 
H,SO, в E 
NH, NH, 
BrJCS, zn 
NH, Br 
Br. 
Br/H,O Br 
Br 


HNO, / H,SO 
а m-Nitro Aniline 


(i) CH,COCI f 2 
- о & p-Nitro Aniline 
(ii) HNO, / H,SO, (iii) H,O' 
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S Aldehyde & ketone _ 
Aldol condensation : 


Carbonyl compounds having acidic a - H shows this reaction in presence of dil. NaOH or dil. acid. 


H 
| OH 
2CH3-C=0 _DINaOH ‚ cu. C Cu, cuo — 7-5 CHCH =CHCHO 
| 112 
Crossed aldol condensation H 
( сносно HCHO _ DIL NaOH , HOCH -CH cuo .. P5? , CH, =CH-CHO 
^ 


" Dil NaOH H+ / H-O 
()  Он,СООН,+НОНО ———+ CH3CO0- CH;CH;6H ——,^—› CH3CO-CH= CH, 
Cannizzaro reaction : 


Carbonyl compounds not having о-Н shows following disproportion reaction 


j 
2H-C-H + NaOH ——— CH4,-OH + HCOONa 
(50%) 
2С6Н5СНО + NaOH ——> CgHsCH,OH + CoH&COONa 
(50%) 


Crossed Cannizzaro reaction : 


сңо—(Су—сно + HCHO + NaOH ——> сңо—(Оу—снон + HCOONa 
(50%) 


Formation of hydrzones апа azines 


NHNH b 

S 74 “но ` x T 
C=O + МН,МН, —>| © > “C=NNH,2— > C=N-N=C 

7 a N ök va a 


Amides formation : 
RCO,H + СО(М№Н,), —э RCONH, + CO, + NH, (g. -v.g.) 
RCOCI + 2NH,—> КСОМН, + МН,СІ (vg) 
(RCO),O + 2NH, —9 RCONH, + RCO,NH, (v.g.) 
R'COOR? + МН, —э R'CONH, + КОН (0) 
Carbyl amine reaction 
RNH, + CHCI, + 3KOH —— RNC + 3KCI + 3H,O 
Perkin reaction : 
When benzaldehyde (or any other aromatic aldehyde) is heated with the anhydride of an aliphatic acid 


(containing two o-hydrogen atoms) in the presence of its sodium salt, condensation takes place to form a 
p-arylacrylic acid ; e.g., with acetic anhydride and sodium acetate, cinnamic acid is formed. 


C,H,CHO + (СН,СО),О .. €s€o:Ne. , C H.CH=CHCO.H 
CH,COOCOCH, + CH,CO; ===> CH,COOCOCH; + CH,CO;H 
0% ‹ OH 
C,H,C + CH,;COOCOCH, ~ C,H.CCH,COOCOCH, _ Н с,н&снусоососн, 
Jj — Ello 
H 


C,H,CH = CHCOOCOCH, —t20_, C,H,CH = CHCOH + CH.CO H 


-H;O 
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о 
General reaction R-C Z + ROH = к-с L + H,O 
OH Alcohol OR’ 
Acid Ester 


Hydrolysis of ester R'CO,H+R?0H< 1? _R'co,R? — RICO,” « R?OH 


10. Carboxylic Acids __ 


Chemical Reactions of acids 


Na Metal 


R —CH,- COONa * H, 


R - CH, - COONa + H,O 


NaHCO, 
(3) 


В — CH, - COONa + СОТ + H,O 


CH,MgBr 
(4) 


R - CH, - COOMgBr + CH,T 


NaOH (CaO) A R — CH, + Na,CO, 
R - CH, - COOH RCH,COCI + 50,7 


R- CH, - СОС! 


R -CH,- C- NH, 
|| 
о 


R-CH,-C-O-C-CH,-R 
(9) 
О О 
R'OH / SO, 

(10) | 


(i) P + X,, (ii) H,O 
(11) | 


(i) SOCI, (i) СН,М, 
(iii) Ag,O (iv) H,O 
(12) 


R - СН,— CH, - COOH 
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Jaye Jeadde ssauipnol [|] 
ШЕЕ шш G 
0цоаје 38s 1l ssəuipnoja Uli xii eds (e) 
jpuaaje say | zz ot _ |атершш! 
sa] SEIN] OH + 19-8 mpa OH + HO H sJeadde ssauipno „(Е) 
(auum)? буо "9-4 ——— «бу H2" 27 M danian 
(psi ^ поо" 27 4 Soy Опо + НО" 27 H 100 pea 
uogeuiuoig ydd agua — HO = *H2 + 29 вевипп|оләр Jnojpa pay 


но ül 
| 


, _ s1eaddesir] 
FHI- FHI 4 voe ООН + *НО = T HS 


uon ШИЛ 1rajn3 шд 


a] E 4 & 
БШШ uoIpeey поцемәзг) 


[очу рАцие + aH auo] 
juafiga seang 


HO'HN + "ONE (0) 


HO'HN + әриојцо епот) (е) 


OH rng 


"ONIADI PIO lip HIE 
Поебеа s ja Aeg] 


yuaheay 


ТУ 
jeuonoun- 


: тае 
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158] “o3 + CH 


ajeuagiear unipas | + EN DOS H*—— * GOHEN+ HOCS- Ч 'aAi[n4a a3us2saAlag uannjos “онем 2409 


fuu pan) 
"IIO € ENO 7 2 — 3 €————'H3 -2—H A z 10 
unnaearuunjopoa i HEN "T | шшара Hayo pdd айа, HOEN /^I Чооду i 
Д “HOOD -H 


ausa Irin|p3 HUI 


Још Јаде Jo а 42619 


„рач osue g?w 
1581 s Bue 4 OHZ+ СПО + НОО2Ч — aNd + ОНОН uoinjas Buya 


uonnjos (Ума-ӯ 'Z) 


15940 : чад augen гапа, euizeipAu іќиеціолішо-р'7 


(gne иаа: ‘anjo ' paja) , s |: 
‘yd panojas йеппам) 984 | НО- 


sdnaicy 
ITE ; 
EE шәбеәң jeuogouny 
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ae 
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Yearlong Classroom Programme New 
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289 Selections from Adaptation with our Proven 
Yearlong Classroom Programme F IIT-JEE 201 2 Tradition of providing ISEET 201 3 
| 71.28% Grow’ IIT-JEE PATTERN Best Solution through ISEET PATTERN 


Successful 


Adaptation 
IIT-JEE 2005 Change in Pattern IIT-JEE 2006 
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